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iii? demands of hygienists for 
increasing financial support 





from industry, organized 
and governmental depart- 
nts are being met more and 


with questions concerning qual- 
rather than quantity of their 
work. To show, convincingly, the 
end-results being obtained by a 
ven set of preventive measures is 
‘uietimes difficult, but end-results are 


{ . 


ust interest of those furnishing 
inds. With the present differ- 
which exist between rural and 
health activities, there should 


opear a demonstrable difference 


' the observations on which this study 
‘were made at the Students’ Health 
of the University of Minnesota. 
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in the health conditions of rural and 
urban residents, and if such difference 
does exist, a powerful argument is 
obtained in favor of present urban 
health practices. 

The preventive phase of industrial 


-medicine and health insurance, requir- 


ing, as they do, periodic physical 
examinations, stand alone as our only 
well-organized activities in the field 
of adult hygiene. Nowhere is the 
expenditure of funds watched more 
closely for end-results than in industry 
and insurance. 
the industrial physician particularly to 
add to his armamentarium all known 
facts which support present-day prac- 


It therefore behooves 


tices in all lines of preventive medicine. 
It is believed that our findings in a 
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comparative study of urban and rural 
health tend to support disease preven- 
tion procedures common to most large 
cities today. 

Notwithstanding the reports of the 
United States Census Bureau (1) and 
the Provost Marshal General (2), 
\VWood (3), Dresslar (4), Bashore (5), 
Andress (6), Draper (7), and others 
have apparently felt for some time 
that urban health conditions were 
superior to rural. On the basis of 
careful, thorough physical examina- 
tions of university students analyzed 
according to the size of the community 
in which the major portion of their 
childhood was spent, we (8) have 
shown that physical defects of sig- 
nificant degree are more common in 
students raised in rural communities 
than in those raised in urban communi- 
ties. On the same basis, through the 
taking of a careful entrance history of 
past diseases, a study has been made 
of the relative occurrence of certain 
diseases in groups of students from 
varlous sized communities. 


METHODS 


The Students’ Health 
records of 5,031 males and females of 
the University of Minnesota, compris- 
ing two years’ entering classes, were 
selected for study. These were sub- 
divided by sex and according to the 
size of the place in which the student 
had spent a major portion of his or her 


Service 


life. Histories were taken by having 
the students fill in uniform blanks 
which were then taken to specially 
trained “checkers” who made sure 
that all questions were answered, in- 
quired carefully into the records of 


past diseases explaining the symptoms 
of any which were questionable, made 


sure of the correct listing of the place 
where the student spent his childhood. 
and affixed their “O.K.” and their 
initials before the examination wa; 
started. At the conclusion of th 
examination the childhood resideyyo, 
of persons reporting past diseases wa. 
again verified, this time by a membe: 
of the medical staff. It is believed 
that this method gives results as aecy. 
rate as any method of mass history 
taking and is one in which the results 
at least, are comparable. 

The manner of selecting — the 
residence groups has been described 
(S). We have pointed out that th, 
incidence of physical defects is hich 
in the rural students and in those from 
villages of from 50 to 1,000 population, 
low in those students from small towns 
of from 1,000 to 5,000 population, 
high again in those from small cities of 
from 10,000 to 50,000 population, and 
lowest of all in those from cities of over 
50,000. This makes it appear possible 
that the census mortality reports, 
which classify places of 10,000 or less 
as rural and those above 10,000 as 
urban, are vitiated by the tendency to 
group individuals having a high defect 
rate with those having a low defect 
rate, and vice versa. For the same 
reason, the Provost Marshal Generals 
report showing more physical defects 
among urban than among rural army 
recruits appears questionable in view 
of the fact that he classified places 0! 
25,000 or below as rural and thoxe 
above 25,000 as urban. 


RESULTS 


Only certain diseases which migh' 

| j ‘ndivid- 

have a bearing either on the incivic 
>? P 


ual’s subsequent health or on | 
4 > *,* e . Ye 
hygienic condition of the student: 











mm The figures 
.oth men and women are displayed 
» Table 1. Sinee data for the women 
«ore not collected under similar cir- 
vnstenees to those for the men and 
ee comparison was desired between 
‘he distribution of physical defects and 
+ diseases of the 3,478 men covered 
our previous study, the results for 
‘he women are not illustrated graph- 
” Qn this account and because a 
virl’s memory of her past diseases may 
he more accurate than a boy’s, com- 
parisons between the sexes must be 
made with caution. Comparisons be- 
tyeon the different residence groups 
of either sex alone, however, seem 
quite justifiable. 
\fcasles—-The record of measles 
in the past history of 88 per cent. of 
uale students from villages and the 
ow incidence in cities and towns are 
the outstanding features in Figure 1. 
Combining the rural and village figures 
for men, we get an incidence of 74.3 
ner cent., while in the small towns it 1s 
§2 per cent., and in large and small cit- 
ies combined, 58.1 per cent. ‘This is at 
variance with the common experience 
in army camps where recruits from 
rural districts showed the highest 


’ 
i 
1 


morbidity rate. 
that among urban recruits more than 
v0 per cent. of those who had reached 
draft age had already had this disease, 
while among the rurals of the same age 
the pr rcentage protected by previous 
itiaek varied greatly. No statement 
is made as to how these conclusions 
Were reached. In support of our find- 
Nes, however, the census reports, in 
of their leveling effect, show a 
‘rural than urban death rate for 
‘les in Minnesota in six out of the 
bast nine who 


~))] 


yy 
i f | 


ry} . 
bnose Saw 


years. 
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measles outbreaks 
ments may find it hard to believe that 


in army canton- 


the cases were limited to the 35 
per cent. of susceptibles shown here, 
but we have been unable to find figures 
showing any army attack rates excced- 
ing 35 per cent. in large commands. 
The figures for women in Table 1 show 
a more even distribution with a low 
point in the town group. 

2. Mumps.—Figure 1-2 shows 
mumps most frequent among men of 
the village group. As with measles, 
men from small cities show the next 
highest rate. Table 1 fails to show 
the same distribution for women as for 
men but the number in two of the 
rroups 1s small. The total incidence 
of 48.2 per cent. places mumns second 
to measles in occurrence. 

$. Diphtheria.—Figure 1-3 shows 
history of diphtheria most frequent 
among men from cities. Better facili- 
ties for diagnosis may be a factor 
in this but probably the more frequent 
exposure of city children to missed 
cases and carriers is more important. 
The girls also show an increased inci- 
dence in the large city group. 

4. Scarlet Fever.—Scarlet fever, 
which Vaughan calls a “neighborly 
disease,’’ appears to be very common in 
the two most neighborly communities, 
the village and the town. Figure 
1-4 shows for scarlet fever, as for 
diphtheria, a high incidence in cities, 
which also may be due to the 
more frequent exposure to mild un- 
recognized cases. Figure 3-14 shows 
tonsillitis most frequent in students 
from small cities, the group which 
reports the lowest amount of scarlet 
fever. In view of the fact that mild 
cases of scarlet fever which do not 
reach the physician are usually con- 
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sidered tonsillitis by the patient, this 
inverse ratio of the two diseases is 
interesting. A total ineidence for 
searlet fever of 15.1 per cent. places 
the disease seventh in order of fre- 
quence among this list of diseases. 

5. Chickenpox.—The distribution of 
the past histories of chickenpox for 
men is illustrated in Figure 1-5. The 
low incidence in rural students is 
noticeable although this does not oecur 
in the small group of rural girls. Table 
1 shows a total incidence of 38.4 per 
cent. among men and 52.1 per cent. 
among women. No statement to the 
effect that chickenpox is more frequent 
anong girls has been found in litera- 
ture. ‘Lhe cosmetic aspect may lead 
to better memory on the part of the 
pirls. The total of 42.6 per cent. 
incidence of varicella in all students 
places this disease third in order of 
frequence, it being less common only 
than measles and mumps. 

GO. Smallpox.—-It is surprising to 
note that 8.2 eent. of all 
students recall having had a diagnosis 
ereater number than 
who recall having had diph- 

‘The fact that the compulsory 
law in 
repealed Lefore most of these students 
were born unquestionably accounts for 
the hich incidence of this disease. 
Emerson (10) reports that only 0.4 
per cent. of Cornell students have had 
smallpox. Compulsory vaccination 1s 
still in effect in New York. Compar- 
ing the smallpox incidence Figure 1-6 
with the proportion unvaccinated, we 


here per 
of smallpox, a 
those 

theria. 
Minnesota 


vaccination was 


find the disease most common in 
the rural districts where least are 
vaecinated. 


y. Whooping Cough.—-Past histories 


of whooping cough show a fairly level 
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distribution in the various inecid 


CN¢a 
groups (Fig. 2-7) but like meas. 
mumps, chickenpox, and influenza, ay. 


most frequently given by students 


from villages. The totals in Table | 
show the disease 10 per cent. more 
common in girls than in joys 
Whooping cough is the fourth most 
common disease studicd here, ranking 
between chickenpox and influenza. 

8. Influenza.—As the recent pan- 
demic was still fresh in the minds of 
this group, these figures are probably 
fairly accurate. Figure 2-8, for the 
men, shows twice as much influenza iy 
the villages as in the cities. ‘lhe 
ficures for the women fail to show this 
marked drop in the city group but do 
show an increase in the rural group. 
Table 1 shows that the disease was 
more common in females, a conclusion 
reached by Frost and Vaughan. At 
the time of the influenza epidemic, most 
of these students were between 10 and 
14 years of age. Trost (11) reports an 
attack rate of 35 per cent. in this age 
group. Our totals show an 
rate of 30.3 per cent. 

9. Pneumonia.—Figure 2-9, which 
shows the distribution of past history 
of pneumonia for men, somewhat re- 
sembles the figure for tuberculosis 
(Fig. 2-11). The high incidence 
the rural group and the low incidence 
in the village group are noteworthy 
Past history of pneumonia probably | 
fairly accurate because of its serious- 
ness. The figures for women pric- 
tically parallel those for men but : 
lower throughout; this agrees with the 
common statement that males 
attacked more frequently by pnet: 
monia than are females. ‘The tot 
incidence rate among ) 
females in this group is 10.9 per cent. 


] 
aTttaoal: 
attack 


males and 
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linerson (10) reports that 9.7 per cent. 
of 9,421 Cornell students give a history 
of pneumonia. 

10, Pl MPINt. 


berculosis and pneumonia, this disease 


In common with tu- 


shows a high point in the rural group 








hig. 2-10). This frequence of pneu- 
O 10 
1. Measles 
& Mumps 


be Diphtheria 


4. Scarlet Fever 


5. Chicken Pox 


6. Omall Pox 


O 10 
hia, ¥ 


of 3,478 university men, 


moma, rheumatism, and pleurisy 
among rural students suggests the 
possible influence of exposure, The 


figures for women vary greatly from 
those for men although the total inei- 
dence for both sexes is about equal. 
11. Tuberculosis. -Many 
dishike to having 


cCulosis. 


students 
had 


Since a distinet effect to over- 


adult tuber- 


COMIC this reticence Was made in the 


eCHse of the mien, the doubled incidence 
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felation of past diseases to size of home community, according to the reco! 





over that in women shown in ‘| s)\j, 5 
The high jp. 


cidence among male rural stud: 


Is probably misleading, 


compared with village students 


5 ue. 
The similarity of this ¢hs) 
to that of pleurisy and pneumonia jy 


been mentioned (Pig. 2-11). Of th, 


prising. 
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forty-three men who gave histories 
of tuberculosis, the diagnosis Was ite! 
confirmed by clinical findings in thirty 
three, a figure close to the ex: 
| per cent. 

lz. Typhoid 
this 
civilization” most frequent In Vioee 
Due to the - i> 


+ , 


ness of typhoid fever, the st 


Figure 2 |e 
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ably reliable.  T’merson (10) 


that 
Cornell gave a history of typhoid fever. 


report ~ 


177 per cent. of students at 
lt is interesting to reflect that on the 
basis of a LO per cent. case mortality 


rate and with 72. students (3.4 
per cont.) eiving il history of tvphord 
fever, approximately twenty bovs ana 
etrls died of typhoid fever who should 
have entered the university with these 
two classes, 

This term. in- 


histories of appendicitis 


lo. Appendicitis, 
eliades past 
with or without appendectomy, Sinee 
the dingnosis of appendicitis is usually 
the 


heleved 


question ot 
that the 


student's memory will be fairky aceu- 


associited with 


SUTLOTY, it IS 


rite im regard to oat. Pieure 3 15 
the 


erolups formen, with an mteresting low 


shows merdence by residence 


from. large cities, 
the 
the 


The totals of 74 per cent. hor 


part in oStudent- 
Table | 


WOTLLOCTL, 


shows meidenee = for 


some of YTOUpPs hein 
spill. 
women and 7.0 per cent. for men sare 
somewhat surprising ino view of the 
difficulty of 


The meirdenee chart for men 


Increased (in@nosis 1) 
WOTTLOTL. 
somewhat resembles the charts of the 
common acute infectious diseases, 
namely, influenza, chickenpox, mumips, 
menses, and whooping cough. 

14. Tonsillitis. 
a surprisingly level occurrence of the 
Included by the 
lnitv under this term. <A total of 
2? ft per cent. gave histories of one or 


tonsillitis. It 
already been shown (S) that the oceur- 


) 


higure 3 Lt shows 


several eonditions 


more attacks of has 
rence of pathologic tonsils is also of a 
fairly level distribution. 


We find 


frequeney of past histories of rheumia- 


Lb. PRhewmatism. ereanter 


tism among men of the country group 
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( | le’. 


15), with a nearly even 


bution im the other groups. Coy). 

parison with Pable 1 shows eo. r. 
siderably more rheumatism. sino r 
males than among females. The tots) : 


Incidence Of 5.2 per cent. in niles 
close to Lee's (12) findings of 3.4 Ney t 
eont. in Tarvard students, | 
IG. Chorea (St. Vitus’ Dane 
igure » 1b shows this condition ray 
low ineidence, but there is 4 definite 
Increase mmong students from the city. fon 
‘es Nervous : ) 


some stigmiut is attached to this eondi- 


Breakdown. Sinee 1) 


ii 


tion and sinee the tern, covers a eres 


number of orgamie and functions 


diseases, the figures may be somewhat 
shows 


Inaccurate. Figure 3-17 


marked inerense im omiale rural and 


Village students and a definite redue- 5 


tion as the city groups are approached 


Love and Davenport (155) report that { 
mental deficieney is twiee as common 
among rural reeruits. In their Table ( 
INT, hysteria, chorea, and epilepsy also Ss 4 
appear more common among rural 


Diehl (14 


report mental hygiene problems most 


reeruits.  Nborrison and 


frequent in students from villages. 
Pable | shows a past history of nervous 
breakdown much more common in th 
women of each residence group anc 
three times as common in the totals. 
The rather large group of city girl 
shows an Amazing frequence of nerv- 
ous breakdowns as compared to. cits 


hove, 
SUMMARY 
High X/ 
-A summar’ 


show: th 


P Pe side Hee 


Lowest in Past Diseases. 


(roups 


of the figures for men 
following: 
Students from. rural commis tes 


are highest in past histories of ple 









rheumatism, smallpox, 
nd tubereulosis. They are lowest in 
soct histories of chickenpox, diph- 


\ . 


‘heria, tonsillitis, typhoid fever, and 


pneumonla, 


ra, 
whooping cough. 

students from villages of from fifty 

1.000 population are highest in 
ast histories of appendicitis, chicken- 
nox, influenza, measles, mumps, nerv- 
ous breakdown, typhoid fever, and 
whooping cough. ‘They are lowest in 
past history of chorea, pneumonia, and 
ty) erculosis. 

Students from towns of from 1,000 
(9 5,000 population are highest in past 
history of searlet fever. They are 

vest In past history of pleurisy and 

eumatism. 

“tudents from small cities from 
5,000 to 50,000 population are highest 
1 past history only of diphtheria and 
tonsillitis but are seeond highest in 
past history of measles, mumps, 
chickenpox, chorea, typhoid fever, and 
They are lowest in past 

nervous breakdown and 


urisy. 
history of 
‘arlet fever. 

Students from large cities of over 
00 population are highest in past 
They are lowest 
st history of appendicitis, in- 
mumps, pleurisy, 


. , s | 
vy of chorea. 


uchza, measles, 
i smallpox. 
‘he totals of percentages, at the 
tom of ‘Table 1, giving merely a 
parative figure, show that students 
men) raised in villages give a history of 
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having had the most diseases, a total 
of 868.5. Students from small cities 
come next with a total of 826.4 and 
those from towns are third with a 
total of 301.7. Students raised in the 
country are fourth highest in history 
of past diseases with a total of 287.0. 
Those raised in cities have had the 
smallest number of past diseases with 
a total of 279.1. 

2. Totals of Diseases—In the order 
of their frequency, the common dis- 
eases are shown here as_ follows: 
measles, mumps, chickenpox, whoop- 
ing cough, influenza, tonsillitis, scarlet 
fever, pneumonia, smallpox, and diph- 
theria. 

The totals for infectious 
only follow the same order as for all 
diseases, namely, villages 317.2, small 
cities 295.5, towns 251.8, rural 232.3, 
and cities 230.5. 

‘The totals for the diseases ept to 
be followed by complications which 
might explain the distribution of 
physical defects, namely, appendicitis, 
chorea, diphtheria, influenza, nervous 
breakdown, _ pleurisy, 
rheumatism, searlet fever, tonsillitis, 
tuberculosis, and typhoid, are as 
follows: small cities 122.0, villages 
119.7, rural 111.2, towns 109.4, and 
cities 98.2. 

It is of interest to note that measles, 
mumps, chickenpox, influenza, whoop- 


diseases 


yneumoniz 
) 


ing cough, and typhoid fever follow 
approximately the same distribution. 
Pi : 
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FACTORY AND SHOP LEGISLATION IN AUSTRALIA* 


D. G. ROBERTSON 


Director, Division of Industrial Hygiene, 


Commonwealth of Australia, Melbourne, Australia 


y HisrorIcAL AND SvratTisticaL Data 
N JAN. 1, 1901, the Aus- 


tralasian Colonies, with the 


: exception of New Zealand, 
£ became federated under the name of 


he Commonwealth of Australia, the 
jesienation of “colonies” being at the 
time changed into that of 
“states.” The total area of the Com- 
monwealth is 2,974,581 square miles, 

about equal to the area of the 
United States of America exclusive of 
Alaska, or to that of all Europe less 
about one-third of Russia. 

In Table 1 the dates of creation 
ihe areas of the several states 
The North- 


Same 


and territories are given. 


Commonwealth of Australia on Jan. 1, 
i911, 
Lach state has wide legislative 
powers and functions, and the only 
industrial matter in which the Com- 
exercises control—apart 
‘rom the administration of its own 
‘erritories—is in conciliation and arbi- 
‘ration for the prevention and settle- 
ment of industrial disputes extending 
»eyond the limits of any one state. 
Table 2 gives the population of the 
various states and territories according 


census of April 4, 1921. 


monwealth 


“Reeeived for publication July 17, 1925. 
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The occupations of the population 
of the Commonwealth at the time of 
the census, 1921, are shown in Table 3. 
The definition of the principal classes 
set out in this table are given by the 
Commonwealth statistician as follows: 


Section A.—DBreadwinners 


1. Professional.—Embracing all persons, 
not otherwise classed, mainly engaged in the 
government and defence of the country, and 
in satisfying the moral, intellectual, 
social wants of the inhabitants. 

2. Domestic.—Embracing all persons en- 
gaged in the supply of board and lodging, 
and in rendering personal services for which 
remuneration is usually paid. 

8. Commercial.—Embracing all persons 
directly connected with the hire, sale, 
transfer, distribution, storage, and security 
of property and materials. 

4. Transport and Communication.—lKim- 
bracing all persons engaged in the transport 
of persons or goods, or in effecting com- 
munication. 

5. Industrial.—KEmbracing all 
not otherwise classed, who are principally 
engaged in various works of utility, or in 
specialities connected with the manufac- 
ture, construction, modification, or altera- 
tion of materials so as to render them more 
available for the various uses of man, but 
excluding, as far as possible, all who are 
mainly or solely engaged in the service of 
commercial interchange. 

G. Agricultural, Pastoral, Mineral, and 
Other Primary Producers.—Embracing all 


and 


persons, 


persons mainly engaged in the cultivation or 
acquisition of food products, and in ob- 
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taining other raw materials from natural 
sources. 

7. Independent.—Embracing all persons 
of independent means having no specifie 
occupation. 


Section B.—Dependents: Non- 
Breadwinners 
&. Dependents.—Umbracing all persons 
dependent on relatives or natural guar- 
dians, including wives, children, and others 
not otherwise engaged in pursuits for which 
remuneration is paid; and all persons 
depending upon private charity, or whose 
support is a burden on the public revenue. 


Assuming that all of those persons 
whose occupations were not specified 
were breadwinners, there were, at the 
census of 1921, 2,341,083 breadwinners, 
representing 43.1 per cent. of the total 
population. The decade 1911 to 1921 
marks an interesting phase in the 
industrial development of Australia, 
inasmuch as during that period the 
persons engaged in manufacturing and 
other secondary processes became 
more numerous than those engaged in 
primary production. In 1921 the 
number of persons engaged in indus- 
trial occupations throughout Aus- 
tralia exceeded those in the primary 
industries by nearly 21 per cent. In 
IS11 the primary industries employed 
o9,711 persons (or 7 per cent.) more 
than were employed in the industrial 
group. 

Of the total of 2,316,589 bread- 
winners recorded in 1921, 723,526, or 
31.2 per cent., belonged to the indus- 
trial class, as compared with 562,337, 
or 28.7 per cent. of all breadwinners in 
i911. The principal group’ within 
the industrial class is composed of the 
manufacturing industries. During the 
intercensal period, the number of 


persons engaged in manufacturing 








industries increased from 363,803 Gt 


0, 
or 18.5 per cent. of all breadwinne,: ase 
in 1911, to 441,277, or 19 per cen; of 
breadwinners, in 1921—an increase ; J 


77,472, or 21.3 per cent. 


TABLE 1—DATES OF CREATION Ayp 
AREAS OF THE AUSTRALIAN 
STATES AND TERRITORIES 
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In 1911 the primary producers 
recorded at the census numbered 
586,148, or 29.9 per cent. of all bread- 
winners, and, although the number 
increased to 598,604 in 1921, this 
greater number represented only 29.5 
per cent. of the breadwinners in 1{21. 
In 1921 persons engaged in agricul- 
tural pursuits numbered 337,463, 1 
pastoral pursuits 142,080, and in 
mining 66,761, the last named industry 
showing a decrease in numbers from 
1911 of 39,043, or 36.9 per cent. 


SurVEY OF FAcTORY AND SHOP 
LEGISLATION 


In their legislation the Australian 
states have closely followed th 
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gathered to provide a sufficient number 
of water-closets or privies. 
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 # ».pip 2—POPULATION OF AUSTRALIAN STATES AND TERRITORIES, 
f CENSUS OF APRIL 4, 1921 (EXCLUSIVE OF FULL-BLOODED 
ABORIGINALS) 
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5 TABLE 3.—OCCUPATIONS OF THE POPULATION OF AUSTRALIA AT THE 


() ) CENSUS, 1921 
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FEMALES 


79,536 


TOTAL 
PERSONS 





201,319 

















Victoria 


Victoria 
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49,972 159,999 209,971 
275,325 79,684 355 , 009 
200, 523 7,214 207 ,737 
604,643 118,883 723, 526 
588,219 10,385 598 , 604 

12, 664 7,759 20,423 

1,852,829 463,760 | 2,316,589 
888,775 | 2,205,876 | 3,094,651 
21,266 3,228 | 24,494 





9 C79 RBA 
2,642,804 | 


the first 


5,435,734 


colony in 


Australasia to display manufacturing 


) The Publie Health Act, 1854, of the 
Victoris first 


ale QO} 


makes the 


‘rence to factories, power being 
1 1n one of the sections of this Act 


‘oval boards of health to require 


ers of factories or buildings in 


_— 


more than twenty persons are 





activities, and in 1870 there were 20,000 
persons so engaged. Under the stimu- 
lus of a protective tariff this number 
showed a large increase each year. 
No corresponding provision was made, 
however, for the accommodation of the 
new workers, and there existed a gen- 
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eral disregard of cleanliness, a lack of 
sanitation, and in many trades an 
overworking of women and children. 

This state of affairs gave rise to 
serious public consideration, and in 
1873 the Victorian Parliament passed 
the Supervision of Workrooms and 
Iactories Statute. This Act defined 
a factory or workroom to mean any 
place in which not less than ten persons 
were engaged by an employer to work 
for hire and reward in preparing or 
manufacturing articles for trade or 
of females 
for more than eight hours in any one 
day was prohibited and power was 
eiven to the central or local boards of 
health to make from time to time 
regulations respecting factories and 
workrooms for determining the maxi- 


sale. The employment 


mum number of persons to be em- 
ployed in any one room and _ for 
enforcing provision for the necessary 
warmth, ventilation, and cleanliness 
therein and proper sanitary accom- 
modation. 

This Act was not found satisfactory. 
lollowing on a strike of tailoresses in 
ISS2 the Melbourne press, through 
their reporters, made an examination 
of the factories in that city and pub- 
lished accounts giving a vivid and 
fearless exposure of the evil conditions 
existing. It was brought out that 
men were frequently compelled to 
toil for as many as eighteen hours and 
women for sixteen hours, daly. The 
covernment appointed a Royal Com- 
mission to inquire into the working 
of the 1873 Act. The Commission 
found that a very undesirable state of 
labor was 
being carried on under both physical 


affairs existed and that 


and moral disadvantages, resulting in 
premature debility and disease and 


general deterioration in mind and body 
of many young women. The syste 
of allowing work to be done at hom, 
was emphatically condemned. 

The report of the Commission was 
shortly followed by the introductioy 
of a comprehensive measure, the 
Factories and Shops Act, 1885, which 
was on the lines of the English Act of 
1878. The number of persons tech. 
nically required to form a factory was 
reduced to six, including apprentices. 
and provision was made for insuriny 
cleanliness, air space, sanitation, and 
the requirements of decency, and for 
maintaining the health of the workers 
and their safety in life and limb, 
The employment of children under the 
age of 13 years was prohibited. A 
forty-eight-hour week for females and 
males under 16 was prescribed, bu’ 
under special permission this number 
of hours might be extended. The 
Act also required certificates of fitness 
to be obtained by persons under the 
age of 16 years before employment in 
factories, such certificates to be 
granted by certifying medical prac- 
titioners. The employment of per- 
sons under certain ages in specified 
factories and workrooms was pro- 
hibited and no boy under 14 vears 0! 
age and no girl under 16 vears of aze 
was permitted, without special per- 
mission, to work in any factory 0! 
workroom between the hours of 6 P.M. 
and 6 A.M. 
tories was introduced, inspectors were 
appointed, and the administration 0! 
the law placed in a special divisio 
of the Chief Secretary’s Departmer 
Notices of accidents of a specified 


The registration ol iac- 


severity were required to be sen! 


° ° . inal 
the inspector and certifying medica 


practitioner of the district. 


ry.) +7 
The occt- 

















vers of factories were liable to a 
yenalty of not more than £100 in 
~gses Where persons were injured by 
want of fencing to machinery, etc., 
‘ye whole or any part of which might 
pe applied to the benefit of the injured 
yerson. This did not deprive the 
| ‘niured persons of the right to recover 
damages in any court of competent 
| ‘yrisdiction. The occupiers of fac- 
| were required to keep a 
record of all outside work done for 


tories 
them. 
) This Act dealt not only with factor- 
ies but with the hours during which 
shops might remain open for the sale 
of goods, and required seating accom- 
intervals of rest to be 
provided. Amending Acts were 
| passed in 1887, 1890, and 1893, the 
last reducing the number of persons 
constituting a factory to four. 

The Victorian Factories and Shops 
Act, 1896, made a number of impor- 
tant amendments in the law and intro- 
duced a number of entirely new 

It extended and ampli- 
the legislation on all the subjects 
above. The term ‘“‘fac- 
tory’ was extended to include every 
place in which furniture was manu- 
factured, every place in which Chinese 
emploved, and all laundries 
Wiere four persons were employed, 
excepting those carried on by charitable 
Ample were 
(o inspeetors of factories, who 
vere authorized when they found 
4 /actory or workshop in an insanitary 
nulition to prosecute the responsible 
person, the Chief Inspector 
“ven power also to condemn 


modation or 


Nrovisions. 
fied 


nentioned 


s | 
We’ ¢ 


Institutions 


powers 


‘ y 
ive yy) 


- 


being 
any 


‘\ ‘, 


or workroom which he con- 


‘crea dilapidated, unsafe, or unfit for 
am 


ie regulations governing the 
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employment of children and young 
persons were made more stringent; no 
female, whatsoever, and no boy under 
16 years of age being permitted to be 
employed for more than ten hours in 
any one day and after 9 o’clock at 
night. The provisions of the English 
Act of 1888 for the protection of 
workers against accidents were in the 
main adopted. The names and ad- 
dresses of outside workers were re- 
quired to be registered with the Chief 
Inspector. 

This Act also dealt with the novel 
subject of regulating the wages of 
employees, whether engaged within or 
without a factory, and made large 
inroads upon the common law principle 
of freedom of contract. A minimum 
wage for the employment of any person 
in a factory was fixed, and the method 
for the fixing of the minimum wage to 
be paid for amaximum number of hours 
in any particular trade or industry to 
employees of different ages and experi- 
ence was provided for in the power 
given to the Governor-in-Council to 
appoint special boards to determine 
such matters. 


These provisions followed an experiment 
of the Parliament of New Zealand, which, 
in 1894, passed an “Industrial Conciliation 
and Arbitration Act,’’ creating a compul- 
sory Court of Arbitration with power to 
make awards, including the fixing of wages 
and hours of labour. 
made for District Boards of Conciliation 
whose special function was to endeavour 
to bring out agreements in the earlier 
stages of trade disputes and at the same 
time they were empowered to draw up 
recommendations for the settlement of 
all points at issue including the duration 
of labour and rates of payment, such recom- 
mendations being subject to review by the 
Arbitration Court on the complaint of any 
party to the dispute. 


Provision also was 
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A weekly half-holiday for shop 
assistants was also provided for and a 
limitation imposed on the hours of 
work in shops. 

This important Act was, however, 
placed upon the statute book as a 
temporary measure. Its provisions 
were renewed from time to time by 
further Acts, which also made a num- 
ber of minor amendments in the law, 
in some eases remedying defects in the 
previous legislation, in other cases 
extending it. The Act of 1900 limited 
the working time of all males em- 
ployed in shops to fifty-two hours a 
porters, and = night 
watchmen alone being excepted. 

All these temporary measures came 
to a sudden termination in 1902, when 
the sudden dissolution of Parliament 
their Provisions and the 
various Acts done under them of no 
effect. The new Parliament, how- 
ever, speedily set matters right by the 
l'actories and Shops Continuance Act, 
1902. This continued the effects of all 
rules, regulations, orders, determina- 


week—carters, 


rendered 


tions, ete., made under the previous 
Acts and revived the effects of these 
Acts themselves. 

This Act was followed by the 
l‘actories and Shops Act, 1903, which 
established a court of industrial ap- 
peals, to consist of a judge of the 
Supreme Court to hear appeals and 
references by the Minister of Labor 
as to determinations of special boards. 

An amending Act was passed in 
1904, and in 1905 all the previous Acts 
were repealed and a consclidatory Act, 
the Factories and Shops Act, 1905, 
enacted. An amending Act, the Fac- 
tories and Shops Act, 1905, No. 2, 
made some alteration in the law, 
chiefly with reference to the closing 


of shops and holidays to shop 
ployees, and also covered a number of 
defects in the previous Acts. To date 
sixteen further Acts have been passed 
since the No. 2 Act of 1905, as follows. 


em- 


Factories and Shops Act, 1907, 
Factories and Shops Act, 199. 
Metropolitan Saturday Half Holiday 
Act, 1909. . 
Factories and Shops Act, 1909, No. 9 
Factories and Shops Act, 1910. 
Factories and Shops Act, 1910, No. 2. 
Factories and Shops Act, 1912. 
[‘actories and Shops Act, 1912, No. 2 
Factories and Shops Act, 1914. 
Factories and Shops Act, 1915. 
White Phosphorus Matches Prohibition 
Act, 1916. 
Factories and Shops Act, 1919. 
Factories and Shops Act, 1920. 
Factories and Shops Act, 1920, No. 2. 
Factories and Shops (Fruit Shops) Act 
1922. 
Factories and Shops Act, 1922. 


From the hygienic viewpoint the 
principal features of these latest Acts 
are: 

The Act of 1907 gave to the Gover- 
nor-in-Council on the recommendation 
of the board of public health power to 
make regulations governing occupa- 
tions dangerous or injurious to health 
or dangerous to lfe or limb. ‘The 
Act of 1909 altered the interpretation 
of “child” from a person under the 
age of 13 years to persons under the 
age of 14 years for all male children 
and 15 years for female children. 
In the No. 2 Act of 1909 the definition 
of “factory” was widened, and_ the 
power of inspectors increased. The 
ventilation of warehouses and slop: 
was dealt with and the use of white or 
yellow phosphorus in the making o! 
matches prohibited. Provision was 


also made so that permission might )¢ 
given to female children 14 years 











une 
em) 








- F age, not required to attend school 
ynder the Education Acts, to be 
employed in factories. 

In the Act of 1915 reference to the 
? hoard of health for making regula- 
was deleted. First-aid ambu- 
lance chests were required to he kept 
, factories where machinery is used. 
Girls under the age of 18 years were 
not permitted to lift or carry a weight 
ereater than 25 pounds. 

In the Act of 1919, it was enacted 
‘hat the Minister may require the 
occupier of any factory, shop, or place 
‘o provide a dining room for the use 
of employees, a bathroom for the use 
of employees, and a rest room for 
t( male employees. 

In the Act of 1922 the occupiers of 
factories may be called on by the 
\linister to provide suitable seating 
accommodation. The penalty for not 
providing guards, ete., for machinery 
was still maintained, but the clause 
stating that this penalty may be used 
ior the benefit of the injured person 
was deleted, 

The Victorian Health Act of 1919 
the Governor-in- 
ouncil on the recommendation of the 
health commission to make regula- 
‘ions governing dangerous occupa- 
In 1923 the Dangerous Trades 
Jecupational Illnesses Notification) 
Regulations were made under this 
Act. These Regulations require every 
medical practitioner on becoming 
aware of any person suffering from 
certain occupational illnesses forthwith 
‘0 Send notification of the fact to the 
“hief Health Officer. 


T1005 


vives power to 
{ 


tions 
- . 


South Australia 


though in some, if not in all of the 
‘cr states, the need of factory and 
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shop legislation was as urgent as in 
Victoria, the next state to pass a 
Factory and Shops Act was South 
Australia in 1894. This Act defined 
the number of employees necessary 
to constitute a factory as four; it 


absolutely prohibited the employ- 
ment of children under 13 years of age, 
and of any young person (boy or girl 
between the ages of 13 and 16) unless 
medically certified as physically fit. 
No young person or woman might be 
employed more than five hours at a 
stretch without being given an oppor- 
tunity of obtaining a meal, nor might 
such be employed for more than forty- 
eight hours a week, except by arrange- 
ment with the factory inspector who 
might permit an extension to a maxi- 
mum of sixty hours. The Act regu- 
lated the accommodation to be pro- 
vided for employees, the safeguarding 
of machinery, the ventilation and clean- 
liness of factories and workrooms, 
and the prevention of overcrowding. 
An Early Closing of Shops Act came 
into force in South Australia in 1900. 


New South Wales 


New South Wales was much slower 
than Victoria in taking steps to regu- 


late the inspection of factories. In 


1876 a Select Committee of the New 
South Wales Assembly was appointed 
to inquire into the employment of 
young persons “in trades ... . 
unsuited to their years.” In _ their 
report the Committee stated that 
young persons were to be found em- 
ployed in brickmaking, working ten 
hours a day excluding meal times, 
and that many of these young persons 
were under 14 years of age. They 
also stated that there were boys and 
girls in factories working ten hours 
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daily in an unhealthy atmosphere, 
and thai boys of 13 to 15 years were 
emploved at the collieries. The Com- 
mittee advised that legislation should 
be passed defining the age at which 
children should be permitted to work 
at paid employments. The governing 
by inspection of places where children 
were employed was also recommended. 
The government ignored the Com- 
mittee’s report. 

In 1890 a Census and Industrial 
Returns Act was passed, under which 
the government statistician was em- 
powered to report on the condition 
of factory and other employment in 
the colony. An exhaustive examina- 
tion of the factories and workshops 
in all the centers of population was 
made during 1891 and 1892, the chief 
abuse found to exist being the almost 
uniform absence of provision for sani- 
tation and for the preservation of 
decency. No immediate action fol- 
lowed on the reports issued by the 
statistician, but in 1895 a Factories 
and Workshops Act on the lines of the 
Victorian Act of 1885 was passed. 
An Karly Closing of Shops Act was 
introduced in 1899, 


Queensland 


In 1890 the Queensland Government 
appointed a Commission of Enquiry 
into the condition of the factories and 
workshops in that colony. A Factor- 
les Act closely resembling that of New 
South Wales was passed in 1896. In 
1900 the (C;overnment 
passed a comprehensive Factories and 
provision with 
regard to early closing of shops, and 


(Queensland 
Shops Act, making 


embodying the most recent legislation 


of Great Britain and Vietoria so far as 


could be applied to the conditions of 


the colony. 
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Western Australia 


Western Australia passed an 4, 
for the Regulation of Factories and «, 
Karly Closing Act in 1897. Jy the : 
Factories and Shops Amendment 4: 
1923, provisions are made for regyls. 
ing factories where lead, merewria]. «: 
arsenical preparations are many. 
factured. Regulations may be may, 
requiring periodic medical examinatioy 
of persons engaged in this class ¢f 
factory, and for the compulsory noji- S 
fication of cases of occupational dis. 
ease. 





Tasmania 


The Tasmanian Parliament in 1\‘4 
passed the [mployment of Wome: i 
and Children in Workrooms an/ u 
Factories Act; this was modeled onthe IR 
1873 Victorian Act. Amending Acts : 
were passed in 1900 and 1905. Unde: I 
these Acts inspection was placed inthe 
hand of police and health officials. 
In 1907 a Royal Commission reported 
the desirability of the introduction of 
factory legislation, and in 1910 the 
first Factories Act was enacted, and 4 
Shops Closing Act in 1911. 


Commonwealth of Australia 


Up to the present the Common- 
wealth Government has passed ne 
legislation dealing with factories an’ 
shops in their territories, the industri¢s 
being governed by wages boards. 
NEED FOR I[MPROVE- 
LEGISLATION 


THe PRESENT 


MENT IN THE 
As an expression of its wish that 
practicable means by which a void 
sickness or disablement may be )" 
vented should be brought univers’! 
into operation in Australia, the 0! 


' . o 
monwealth Government in 121 | 

















«shed a Division of Industrial Hygiene 
_ +s Department of Health. 

One of the first activities of this 
ivision was a study of the existing 
«ate legislation, which showed that in 
onnection with many Important mat- 
ove safeguarding the health of the 
~ovker there was considerable diver- 
jy in standards and practice in the 
ferent states. For example, the 
-ates of New South Wales, Victoria, 
Queensland, Western Australia, and 
Tasmania prohibit the employment of 

+ male under the age of 14 years, 
vot the state of South Australia sets 

minimum age at 13. The pro- 
sions made with regard to females 
similar to those for males, except 
‘hat in Vietoria and Western Australia 

ie employment of females under 15 
ears of age is prohibited. <A similar 
sjiuation exists with regard to the 
estrictions against employment in 
specified trade processes. In the proc- 
ss of making white lead, New South 
Wales, Victoria, South Australia, and 
Tasmania limit the employment. of 

males to those 18 years of age and 

Queensland and Western Aus- 
alia absolutely prohibit the employ- 
ent of females. 

in September, 1922, at the invita- 
on of the Prime Minister, a confer- 

e of delegates from the state health 

ul labor departments and the 

mnonwealth Department of Health 
' in an endeavor to arrive at a 
neerted basis of action and a uniform 
is for standards and 


? 


records 


iout the states of the Common- 

Among the Commonwealth 
presentatives was Dr. A. J. Lanza 
nited States, whose services 
n placed at the disposal of the 
onwealth 


T 
} 


Health Department 
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through the kindness of the Rocke- 
feller Foundation. 

This First Industrial Hygiene Con- 
ference passed the following resolu- 
tions: 


1. That all persons employed in factories 
and workshops should be medically ex- 
amined before employment and in each 
year of employment until the person has 
completed his or her eighteenth year. 
That a certificate of fitness should be fur- 
nished on initial employment in each case 
at or under the minimum statutory age for 
employment. That medical examinations 
should be made more frequently than an- 
nually if the medical examiner considers 
this necessary in any individual case. 
That all medical examinations should be 
made by specially authorized medical 
officers. 

2. That standardized record cards for 
every examination performed should be 
kept by the medical examiners, and these 
records should be available at each re- 
examination, 

3. That the medical records of the Edu- 
cation Departments should be available 
to the authorized medical inspectors in 
respect of any child seeking employment 
in factory or workshop. 

4. That it is desirable that the legislation 
in all the States prescribing the minimum 
age foremployment be made uniform, 

5. That the minimum age for employ- 
ment in factories and workshops be not un- 
der fourteen years for boys and fifteen 
years for girls. 

6. That the Division of Industrial Hy- 
giene of the Commonwealth Department of 
Health take steps to acquire all available 
information necessary to enable recommen- 
dations to be formulated in regard to— 

1. The advisability of the reform and 
extension of the State Factories and Shops 
Act in the following directions: (a) The 
adoption of uniform restrictions against 
employment of females in specified trade 
processes. (b) The adoption of uniform 
restrictions against employment of females 
prior to and after confinement. (c) The 
adoption of uniform restrictions against 


heavy-weight lifting by females. The 
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encouragement of labour-saving devices. 
(d) The provision of adequate seating, rest 
and dressing-room accommodation for 
female employees. (e) The furnishing of 
returns indicating female labour turnover 
and absences from work. 

2. The advisability of the appointment 

of female medical inspectors or other means 
of securing a more thorough supervision 
over female workers individually and 
collectively. 
7. hat it is desirable that each State 
should have in effeetive operation legisla- 
tion controiling occupations dangerous to 
the health of those employed therein. 

8. That all occupational diseases shouid 
be notifiable by medical practitioners and 
that notifications should be made direct to 
the Health Department of the State. 

9. That factory inspectors 
should be appointed. 


medical 


10. That it is very desirable that there 
should be a collection of morbidity and 
accident statistics upon uniform lines and 
that the Commonwealth Statistician be 
asked to draft a uniform scheme. 

11. That it is desirable that a committee 
should be appointed to draw up standards 
of qualification for factory inspectors and 
the nature of the course of study necessary 
before such qualification can be obtained. 

12. That the provisions of the Factories 
and Workshops Acts should extend to fac- 
tories carried on or conducted by the 
Government or by any Local Authority as 
well as to factories otherwise carried on or 
conducted. 

13. This Conference considers that in 
view of the importance, as a phase of publie 
health administration, of systematic medi- 
‘al supervision of the health of individual 
industrial employees, and of the valuable 
information and results which have been 
obtained from the introduction by private 


Occupation 


employers of a medical service for thei, 
establishments, all employers, including 
Governments, should be encouraged to 
provide an efficient and regular medica) 
service which shall keep under review the 
health of the workers and shall inquire 
to any relation between variations ” 
health and conditions of employment 
Moreover, in order to secure the oreat p 


ict 
ALCS 


amount of public benefit from this measure 
records of work done should be kept jy | 
standardized method. 

14. That the Division of Industrial Hy. 
giene of the Commonwealth Health Depart- 
ment, together with Mr. Murphy, Secroe- 
tary, Department of Labour, Victoria. 
should be the committee to deal with the 
resolution relating to qualifications of 
factory inspectors. 

15. That the formulation of Hygienic 
Standards in industry be referred to the 
Division of Industrial Hygiene of the 
Commonwealth Department of Health. 

16. That all information obtained by the 
Division of Industrial Hygiene or by a com- 
mittee in accordance with previous resolu- 
tions be submitted to a future conference 
for further discussion and for the formula- 
tion of recommendations in regard thereto. 


a 


It will be noted that certain matters 
were referred to committees, the 
information obtained to be submitted 
to a future conference for col- 
sideration. 

A second conference was held in 
August, 1924, to consider the report o! 
these committees. This Second [n- 
dustrial Hygiene Conference made 
the following recommendations: 

1. That the employment of females : nd 
young persons be restricted as follows: 


° a) 
Recommendations—Persons to be 


1. Process of silvering of mirrors by mercurial 


process..... 


”. Process of making white lead........... 


3. Continuous casting from molten lead in print- 


Teg 2 ee 


1Except conditionally. 


Excluded 
Males Fe male s 
renee Under 18 years. ....Under 15 years. 
ere Under 18...........All. 
were Under 16...........All.! 
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ir Occupation Recommendations—Persons to Be 
, Excluded 
be Males Females 
al |. Making of lead-headed nails................. i 2 ree All? 
le “.ye-setting in printing office................ Under 16...........All.! 
8 & Toad qiasing Of POCCETY oo. cise ccecccsevscnens Under 18!.........All.! 
: - Casting of Ee Pe ee Pe Te ee ee Under 18........... All. 
~ \fonufaecture of india-rubber and of articles and 
ds made wholly or partially of india- 
: ON cue ae ead kes ves LEED RR RARE OS Under 16; under 18!.Under 18; over 18.! 
a hb Deca Ol WEOMMII. 6 a6 ceccenc cacckceeesscewes 3 2 ee Under 16. 
Dry grinding in metal trade...... ell eee Under 16. 
" ess of melting and annealing glass.......Under 16........... Under 18. 
t- 1) Cleaning machinery in motion............... ti ae All. 
. 13. Offensive trades (except soap and candles).................0.eeeee Under 16. 
: 14. Making or finishing bricks or tiles, not being 
le SI TID 8 64. 6.6.5 46 6464 5A TRS ARSENE E Ka RENEE Under 16. 
i eee eek CE ne oh ss 54 oa ROa Wee eweawad ena’ Under 16. 
[ yping of lucifer matches................... a 2 Under 16. 
7. Pustian cutting or any grinding in the metal 
ie trade other than dry grinding.............. IE Srseescecees Under 16. 
le §. Laundry (machinery)............ ss dips RC lcs. iar Se isan Under 16. 
lanufacture of chromate and bichromate of 
e coe oe ees |) 2) ae All. 
° S: Wet PORE 6:0 kk RS eke ees én IE Ee 6a owns oceans 
: 2}. Processes which the Minister may notify as 
e inhealthy (these should include all oecupa- 
\- tions with a definite lead hazard)............ BIT FO 6 cacnccanes All. 
22. Humid textile processes in which a humid 
. tmosphere is continuously used...........Under 16........... Under 16. 
R 
F 2. That no woman or girl shall work, employed in his factory or shop while at 
»oceupier of a factory or workshop work. 
/ pene permit or require any woman or girl to (b) Every occupier of a factory or shop 
ie or outside any factory during shall cause to be provided, when the work 
n € SIX Wet «s following her confinement. ean only be done standing, suitable seating 
f ab no woman or young person em- — accommodation for all persons employed in 
. in a factory or workshop shall be pis factory or shop in the proportion of one 





1? 7 


ed or required to lift or carry by 
1 greater weight than is set forth in the 


Tinker ene ,* 
lu? Scale; 


OF BOs 4.4 &40ctasacerassane 30 Ib. 
OF MS ds adhe ucwaee Gee ere<ks 40 lb. 
Or Oly be ui 0eeesidekuxcees 20 |b. 

P We ob 2 0ndcssecantesees 25 |b. 


35 |b. 


lover.... 


a) Every oceupier of a factory 
iall cause to be provided, when the 
oe done as well sitting as standing, 
seats for the use of all persons 


cept conditionally. 


seat to every three persons employed. 
Such seating accommodation shall be con- 
veniently situated for the use of the persons 
for whom the same is provided, and the 
occupier shall allow every person employed 
to use such seating accommodation at all 
reasonable times during the day, when such 
use would not necessarily interfere with the 
proper discharge by such person of his or 
her duties. 

(c) Such work seats, from the point of 
view of physiological benefit to the em- 
ployee, and suitability for the particular 
work to be done, shall have been approved 
by the Chief Inspector of Factories. 








502 THE JOURNAL OF INDUSTRIAL HYGIENE 


5. That a rest room should be provided 
where there are 25 or more females em- 
ployed, and for a less number if required by 
the Chief Inspector of Factories. If the 
room is intended for the temporary use of 
female employees needing a rest of an hour 
or two, and if it is not likely that there will 
be more than two or three occupants at 
the same time, the cubic space should be not 
less than 2,400 ecubie feet, and a couch and 
two arm-chairs should be provided. 

6. That the oceupier of any factory or 
shop where a change of the dress of any 
females employed is rendered necessary by 
the work to be Cone shall, if so required by 
the Chief Inspector of Factories, provide 
suitable dressing room secommodation for 
such females. 

The following provisions shall be ob- 
served with regard to the dressing room 
accommodation: 

(a) The dressing room shall have at 
least 6 square feet floor space for each 
female so employed, and shall be situated 
adjacent to washing facilities. 

(b) Provision shall be made for the ac- 
commodation of (7) clothing put off during 
working hours; (77) overalls and other pro- 
tective clothing worn while at work. 

(c) Adequate arrangements shall be 
made for drying the clothing if wet. 

(2) If hooks or pegs are provided for 
hanging cloches, there shall be not less 
than two for each female employed, and 
they shall not be less than 18 inches apart; 
if lockers are provided, there shall be not 
less than one for each female employed, they 
shall be at least 5 feet in height, 14 feet in 
width, and 1 foot in depth, and ventilated 
at the topand bottom. Such arrangements 
shall be approved by the Chief Inspector of 
l’nctories. 

7. That every occupier of a factory or 
workshop shall make such reports and fur- 
nish such returns as the Department of 
Labour may require for the purpose of 
collecting and compiling statistical in- 
formation; the said cecupier shall make 
such reports and furnish such returns within 
the specified time, and shall certify to the 
correctness of the same. 

8. That female medical inspectors of 
factories should be appointed. 


9 That the standards of ventilation sub- 


mitted? together with Kata-thermomete, 
observations, form the basis of an INGuiry 
to be made in each State in the ensuing bee 
years, and that the information so obtained 
be submitted to the next conference op jp. 
dustrial hygiene. 

The Conference agrees that the sj udy of 
air movement is of the greatest import ance. 
and recommends the investigation of th. 
various industries with a view to layine 


dé 


i 
~ 


down suitable standards by the use of the 
Kata-thermometer, or other means. 

10. That the recommendations of the 
British Factory Committee for the Stat). 
tory Regulation of Lighting in Factories 
and Workshops be adopted by all States. 

il. (a) When the number of employees 
in a factory exceecs six, the occupier shall. 
if required by the Chief Inspector of Fxe- 
tories, provide a separate room in which 
they may take their meals. 

(b) The lunch-room shall be of such 
size and of such standards of cleanliness, 
lighting, heating, and ventilation as are 
approved by the Chief Inspector of Fae- 
tories. 

(c) The lunch-room shall be provided 
with suitable tables and separate chairs 
for each employee. 

(d) Means of warming food and _ sup- 
plying hot water shall be provided. 

(e) That “factory”’ shall include Govern- 
ment factories and workshops. 

12. That each State adopt legislat 
requiring provision of ambulance ant lirst- 
aid arrangements similar to those laid 
in the Home Office Welfare Orders. 

13. (a) That all States agree to s 
uniform standard of 
factory inspectors, and that the necessity 
for such a qualification be ensured by | 
lation or regulation wherever necessav 

(b) That a biennial conference of Co 
monwealth and State representatives | 
instituted which could of itself, or ! 
Committee, determine and revise from | 
to time the qualifications and neces 
courses of instruction. 

14. That all accidents occurring in ! 
tories should be reported to the Clie! ?! 
spector of Factories in the State concer™ 


1 


qualification | 


2The Division of Industrial Hygiene §" 
mitted to the Conference certain Lente. 
stancards of ventilation. 


ror 














+yat in the annual report of the Chief 


ea we oetor of Factories all statistics as 
i ooynmended by the International Con- 
ad ference of Labour Statisticians, Geneva, 
ne 1923, be furnished. 

15 That (a) a section, similar to that of 
of the Aet of Great Britain, be inserted in the 
a ractories and Shops Acts giving power to 

; -» reculations for the safety of persons 

smploved in dangerous trades, and pre- 

he eoribing the procedure for making such 
regulations 

he ») Regulations, modelled on_ the 

. Rritish, be made for the specific industries 
ers concerned. 

16. That every State should adopt regu- 
es lations requiring notification of industrial 
\} ‘seases. The diseases which should be 
¢- opted as notifiable are: 

Poisoning by— 

" ; 

Mereury 
$5, \rsenie. 
rol Phosphorus. 

Pe Other minerals. 

Penzol or its nitro and amido deriva- 
e(| tives (dinitrobenzol, aniline, and 
rs similar substances). 

Carbon bisulphide. 

D- Nitrous fumes. 

Carbon monoxide. 

n- Cyanogen compounds. 


Sep Tc poisoning, 

Chrome ulceration. 
Dermatiti 
Cancer (occupational). 
Compressed air illness. 


nwee— 
j 


1t1S, 


stacmus. 

ineumoconilosis. 

P| +] ° ° / . 9% 
Nthisis (miners ). 

i] j } 

Lf hand, 

cee oe 

tes elbow. 


} 
; 


Luce. 
, eritia feurersct 
AU Valls WIrISt). 
Vermatitis. 


every Australian State should 


ensation for industrial Ciseases, 
i@ aiseases ror whren compensa- 


!' should be: 
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Phosphorus. 
Other minerals. 
Benzol, or its nitro and amido deriva- 


tives (dinitrobenzol, aniline, and 
similar substances). 
Carbon bisulphide. 
Nitrous fumes. 
Carbon monoxide. 
Cyanogen compounds. 
Septic poisoning. 
Chrome ulceration. 
Dermatitis. 
Cancer. 
Compressed air illness. 
Trade spasms and cramps. 
Anthrax. 
Zymotie diseases. 
Mining— 
Nystagmus. 
Pneumoconiosis. 
Miners’ phthisis. 
Beat hand. 
Peat knee. 
Peat elbow. 
Synovitis (wrist). 
Dermatitis. 
Ankylostomiasis. 
1S. That in view of the fact that the Rail- 
way Departments of the several States are 
the largest individual employers of labour, 
they should be on a similar footing to all 
other employers of labour in the Common- 
wealth in respect to the recommendations 
of this Conference. 


LEGISLATION JZNACTED SINCE THE 
First INDUSTRIAL HYGIENE 
CONFERENCE 
The following actions have been 


taken by the different states since the 
first conference was held: 
Victoria.—In 1923, under power 
given in the Health Act, 1919, the 
Dangerous Trades (Occupational IIl- 
nesses Notification) Regulations were 
made, requiring every medical prac- 
titioner becoming aware of amy person 


Fae} 
lid 


Irom 


art 
cercvain 


} 
i 


suffering occupational 


diseases forthwith to send notification 
of the fact to the Chief Health Cfiicer. 


1922 the part-time services of 


oe 
a va’ 
rinee 
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one of the medical officers of the health 
department has been placed at the 
disposal of the state labor department. 
In 1925 the department of labor 
appointed a female medical inspector 
of factories and shops, her duties 
being defined as follows: (1) to inves- 
tigate the effect of industrial conditions 
in factories and shops on the health of 
female workers and, where necessary, 
to suggest remedial measures; (2) 
where considered necessary to examine 
female applicants under 15 years of 
age for permits to work in factories; 
and (3) to furnish reports when re- 
quired to do so and to recommend 
action necessary to secure the health 
and well-being of female workers. 
New South Wales.—In 1923 the 
state department of health appointed 
a full-time medical officer of industrial 
hygiene, whose duties are to assist 
the state labor department and the 


court of industrial arbitration in 


matters concerning the health of the 
worker. In 1924 Regulations were 
gazetted under the Puble Service Act 
prescribing certain educational quali- 
fications for 
inspectors. 


eadets and = factory 


Western Australia.—In the Factories 
and Shops Act Amendment Act, 1993 
provision is made for the proper regy. 
lation, including periodic medica] ox. 
amination and occupational diseas, 
notification, of factories where lead, 
mercurial, or arsenical preparations 
are manufactured. Under the Work. 
ers Compensation Act No. 40 of 1994 
compensation is now afforded to per. 
sons suffering from certain specified 
industrial diseases. Notification of 
these diseases by medical practitioners 
and occupiers of factories is also 
required under this Act. 


SUMMARY 


A historical résumé is given of 
factory legislation in the Australian 
states. A considerable diversity in 
standards and practice in the different 
states exists, and the recommendations 
are recorded of two conferences of 
delegates from the state health and 
labor departments and the Common- 
wealth Department of Health held 


] 


4 


in an endeavor to arrive at a concerted 
basis of action and a uniform basis [or 
standards and records. 











CALCIUM AND TUBERCULOSIS 


\ THESIS IN HYGIENE COMPREHENDING THE INFLUENCE 
OF AN INSPIRED DUST ON A SPECIFIC INFECTION 
OF THE LUNGS* 


MIRIAM STEWART Iszarp, M.A. 


Instructor 
INTRODUCTION 


’ 3,937,978 individuals em- 
ployed in the United States 
in gainful occupations with 

exposure to industrial dusts, 152,417, 
or 3.8 per eent., are exposed to dusts 
of a comparatively high calcium 
content. Of the total number ex- 
nosed to dusts of high caleium con- 

t, 30.9 per cent. worked in gypsum, 
lime, and cement; 34.7 per cent. 
in marble and stone!; 33.1 per cent. 
were plasterers and 1.09 per cent. 
were whitewashers (1, pp. 36, 46, 
47), 

Authorities have placed dusts rich 

calcium among the least harmful 
inorganic mineral dusts. In 
fact, some believe that certain cal- 
ciun dusts play an important réle 
in hindering the development of tuber- 


CUOsIS Or In arresting its progress, 


vasing their views on the physical 
and chemical qualities of the dusts, 


, 
me be, 
UI Lie 


" Presented to the Faculty of the Grad- 
“'e School of the University of Penn- 

ula in partial fulfilment of the re- 
i | ents for the degree of Doctor of 
Mailosophy, teceived for publication 


pI 
i 


1925 


‘hese workers are exposed to more or 
, depending on the chemical com- 
of the stone dust. 


LO! 


~<- 


505 


in Bacteriology, School of Hygiene and Public Health, University of Pennsylvania 


on clinical reports, statistical data, 
and brief animal experimentation. 

A list of dusts of high calcium con- 
tent would include the industrial dusts, 
both raw rock and manufactured 
products, which are listed in Table 1. 
When examined microscopically, all 
of these dusts consist chiefly of 
rounded, highly refractile particles 
which tend to coalesce on being sus- 
pended in water, and when analyzed 
chemically, they are shown to be 
high in calcium, low in silica, and 
soluble to a certain degree in the 
body fluids and_= secretions. ‘Their 
tendency to coalesce in watery solu- 
tions means that many of these dusts 
when inhaled tend to form aggrega- 
tions of particles in the nasal and 
salivary secretions, and hence become 
too large to pass into the lungs; for 
according to Watkins-Pitchford and 
Moir (5) no dust particles over 10 
microns in diameter reach the alveoh 
and the lung tissue, and the largest 
particles found in the bronchioles 
are from 2 to 12 microns in diameter. 
Smyth and Iszard (6) report similar 
findings as to the size distribution of 
particles in the lungs of guinea-pigs 
dusted with coal, stone, and _ flint. 
In over 1,000 particles counted they 


found only twenty which were 5 
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TABLE 1.—CALCIUM AND SILICA CONTENT OF CERTAIN INDUSTRIAL Dugy 
OF HIGH CALCIUM CONTENT 
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TOTAL CAL- 
nasven cone TOTAL SILICA 
4 . - oo” 
CONTENT 
TENT 
NUMBER (¢ - SOURCE ar 
CHARACTER OF DUST sah cinco SOURCE 0; 
SAMPLES © © INFORMATION 
~ c3 _ os 
as fang _ = 
= © =) © 
— > = _— 
— <A = | << 
Raw Rock Dusts 
ee a ee | Re ol ek 
Gypsum (chiefly f 4 high grade 22 .8-23.3.23.0 0.1- 2.1, 0.9 | (2, Chap. X, p 
| low . 6 ot . = \ ‘ | we Ys 
CaSO,4) \| 2 earthy (17 .6-21.3.19.510.6-17 914.3 } $24) 
: | | 
(| composite an-|......... 2 | ee 14.0 
| 
alyses U.S. A. | 
. | 
498 samples | 
} | Pe ” 
| If (3, p. i 
|} composite ane ]......... fk re 5.1 || 
alyses build- | 
Limestones ing stone | 
(Ca(COs). chief | | 
form of Ca) || 26 representing 18 9-39 4:28 .3/0.05-11.04) 2.81 (8, pp. 252-254 
| 14 states | 258, 262-204 
| 271, 276) 
te . - l¢ ) ‘ ‘ 
‘| 5 representing |22.2-39.0)34.8) 0.3- 3.3] 1.2 
|| 5 states | 2, Chap. X, p 
| | | | 305) 
Cement rock 3 18 2-30 .3'25.9)11.1-15.3)13.3 || 
| | 
Marble (Ca(COs3). | 5 representing 4 36.0-39.237.4......... ina ears | (3, pp. 2538, 259, 
chief form of Ca) | states | | | | 258, 275 
Manufactured Products 
= —_ 7 — - - — a |. , . \ Caos 
Lime, lime oxide, 4 41 .0-70.0,62.1,0.1 -1.6 | 0.6 || 
. . } 
or caustic lime | | (2, Chap. X 
(CaQ) ” . 
. | | 804) 
Hydrate of time | 2 32 .4-51.7/42.0.0.34-0.38) 0.3 
(Ca(OH ),) 
| 
| 
’ . ° . eye | 9 ‘} ‘s rx r, 
Calcium carbide | typical average |........ .% Sees ere (2, Chap. IA, } 
| | 282 
| 
oe , | , ' re ‘ Chan 
Calcium cyanamide (| typical raw fw wees. errr ee 10.8 |) (2, Chap. 


spoken of as ecal- 4 | ) 
ciurm nitrate \| typical finished |......... DEANS éhcacKes 1.0 445, 41 
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| | | | | 
Plaster of Paris | 2 \27 .0-27 .6:27 .3' 0.1-2.4 | 1.2 | (2, Chap. X, p. 
| | | 304) 
| raw mixed typi- |......... ie eee 15.1 |} 
cal | (4) 
Portland cements typical finished |......... Ft ee 22.9 |} 
product | 
13 finished 42 8-46 .0 44.520 .0-24.0 22.0 (2, Chan. X, p. 
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microns in diameter and over 800 
approximately 0.5 micron in diameter. 

In speaking of the physical nature 
of inorganie mineral dusts in general, 
such authorities as Ogle (7), Mavro- 
gordato (8), Kober and Hayhurst (9), 
Winslow, Greenburg, and Greenberg 
10), and Landis (11) claim that the 
degree of injury to the respiratory 
organs depends on the hardness and 
the angularity of the mineral dust. 
urthermore, it is universally agreed 
that the silica content of an inor- 
ganic dust bears a direct relationship 
0 its harmfulness (12, p. 3). Table 
| shows that, among the raw rock 


oo 


dusts, cement rock and some of the 
lumestones high in silica and low in 


7 . 


caicum would be more harmful than 


lign grade limestones or gypsum. 
Amoanag 4i.- 
“ong tue manufactured products, 


livad } : 
dusts would be placed in the 
class, 


,* 


uscussing the chemical nature 









































! J06) 
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of dusts as a factor in their harmful 
action, Collis and Greenwood (13), 
Mavrogordato (8), Gye (14), and 
Haldane, as quoted in the Second 
Preliminary Report of Committee 
on Mortality from ‘Tuberculosis m 
Dusty ‘Trades (15, p. 10), hold that 
the nonabsorbable dusts are the 
most injurious. From their chemical 
nature, caleltum dusts would therefore 
fall among the less harmful dusts. 
To quote from Collis and Green- 
wood (13) in regard to the inhalation 
of inorganic particles: 


‘4 Oniy particles which are in- 
soluble in the fluids of the body when ecar- 
ried into the air passages remain as foreign 
bodies either to stimulate the ciliated 
epithelium to overaction for their expul- 
sion, or, if they gain access to the lymph 
channels, to give rise to a proliferation of 
connective tissues; thus dusts of ivory, 
horn, bone and other animal structures, 
and of ecaleium sulphate (plaster-of-Paris 
and alabaster), of limestone, and of oxice of 





908 


iron are not associated with pneumono- 


conioses in the way that dusts of vegetable 
husks, emery, gluss, sandstone, and flint 
are. 


Furthermore, in the same publication 
and again in Dr. Collis’ Milroy lec- 
tures of 1915 (16) this statement is 
found: “Generally speaking dusts 
are more injurious as their chemical 
composition differs from that of the 
human body, or from the elements of 
which the body is normally com- 
posed.” Therefore as calcium is a 
normal constituent of the body tis- 
sues” and body secretions, and as it 
is soluble in body fluids, it is reasona- 
ble to suppose that chemically it 
would be more or less harmless in the 
body. 

The overbalancing injurious effects 
of other substanees present, owing 
either to their mechanical or to their 
toxic must be considered in 
connection with the harmless or the 
beneficial effeets of the calcium con- 
tent of dusts. The toxie action of 
certain chemicals present in caleium 
Cal- 
cium earbide (9, p. 634) and calcium 
evanamide (9, p. 587) (18) would 
have the effect of the calcium content, 
overbalanced by the toxic action of 
the and the acetylene. 
Likewise the dehydrating effect of 
calcium oxide on the body tissues 
would have to be*taken into considera- 
tion (9, p. 586). 

Therefore in 


action. 


dusts should be borne in mind. 


evyanamide 


addition to those 
dusts high in calcium which may be 
considered harmless or bene- 
ficial because of their mechanical or 


toxic action, we may include hydrate 


even 


2 Lime forms about three-fourths of the 
total mineral solids of the body (17). 
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of lime and plasters as the least harp. 
ful among the manufactured proq. 
ucts, and gypsum as least harmfy) 
among the raw rock dusts. 


LITERATURE 


Clinical and Industrial Reports 
and Comparative Statisti- 
cal Data 


A review of the literature on this 
subject shows that the consensus of 
opinion is in favor of the harmlessness 
of ealecium and calcium-containing 
dusts. This is brought out by Ho’- 
man (1) (12). In = discussing the 
question of mineral dust in the lime 
and cement industries (1), he shows 
by citing investigations, by quoting 
authorities, and through comparative 
statistical data that ‘‘mineral dusts 
composed of calcium salts are the 
least injurious of inorvanic mineral 
dusts.” The following facts are also 
to be noted (1, pp. 225-226): Pul- 
monary tuberculosis 1is_ particularly 
common among plasterers, the death 
rate being greatest between the ages 
of 35 and 44. The Prudential Life 
Insurance Company gives the death 
rate as 21.9 per cent.; a distinctly 
higher figure than the 16.7 per cent. 
quoted by Hoffman from the United 
States Vital Statistics Report. [low- 
ever, it must be realized that, 4s 
pointed out by Greenburg (19), these 
two groups of statistics are not eh- 
tirely comparable. Similar figures for 
cement and lime workers (1, p. 29% 
holding Prudential policies give 4 
pulmonary tuberculosis death per 


centage of 20.7 with the peal occur 
ring between the ages of 25 and at; 
arlier than is 
plasterers. 


cA, the case with 

















Hoffman (12, p. 118) gives a chart 
shich shows that there is a direct 
~lationship between death from 
.,perculosis among stone cutters and 
the siliea content of the stone. For 
‘he years 1915 to 1918, it shows a 
sberculosis mortality rate® of 1044.3 
‘or granite cutters, 1029.9 for sand- 
‘one cutters, and 425.5 for limestone 
eytters. We see that the lowest rate 
oeeurs where the material handled 
‘s high in ealetum and low in silica; 
and vice versa. In a review of this 
Bulletin in the Monthly Labor Review 
for 1922 (20), the following statement 
is made: ‘The evidence is also con- 
clusive that workers exposed to mar- 
ble or limestone dust suffer a decidedly 
lesser liability to pulmonary tuber- 
culosis than those exposed to granite 
or sandstone dust, with a high sili- 
cotie content.” 

In the Preliminary Report of Com- 
mittee on Mortality from Tubercu- 
losis in Dusty Trades (21, p. 12), 
Lichter in writing to Hoffman states 
that “tuberculosis unquestionably is 
lar more prevalent in the granite and 
sandstone industries than in the 
limestone industry. Not 
only are our accommodations more 
modern than generally found else- 
where, but the nature of the stone 
self is sueh as to preclude most of 
the detrimentalelements .. . . . 
lurthermore, its physical make-up 
is such as to cause an almost total 
absence of sharp, gritty particles.’ 

In the Second Preliminary Report 
49), the Committee published the 
‘ollowing statistical data for Vermont 

which the mortality from tuber- 
culosis is caleulated per 100,000 in- 


ry) 


ibitants: 


Indiana 


‘Per 100,000 exposed. 
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Mortality from 
Tuberculosis 


District per 100,000 

1. Granite cutting districts...... 143.0 

2. Marble districts.............. 97.1 

3. Barre City (granite center) .. 233.2 
4. Town of Dorset (marble 

ee ee 149.4 

DS. BsMGiPO OCAUG.... . 2 csc cwvveccs 90.6 


These figures show the high mortal- 
ity from tuberculosis among granite 
workers as opposed to the low death 
rate among marble workers. 

Hoffman (1, p. 223) quotes some 
English statistics for the years 1900 
to 1902 and shows that the mortality 
from pulmonary tuberculosis among 
whitewashers, paper hangers, and 
plasterers between the ages of 15 
and 35 was roughly 0.68 per cent. 
of that for all occupied males, but 
that from 55 on the mortality rose 
to 147 per cent.; the peaks were 
reached between the ages of 35 and 
44 and 55 and 64. 

Koelsch (22), giving statistics for 
the tuberculosis mortality by occu- 
pation in Bavaria in 1908, cites 
forty-three occupations and gives 3.07 
as the average total death rate from 
tuberculosis per thousand, 2.46 as 
the death rate for chalk burners, and 
3.16 for cement workers. These 
figures are very low as compared with 
those for the other occupations listed, 
such as: 83.1 for jobbers and 26.85 for 
stone men. Further, Koelsch quotes 
Summerfield as giving 5.31 per 
thousand as the tuberculosis mor- 

tality rate for workers exposed to 
‘alcium dust in contrast to 34.9 for 
stone workers. He also says that 
Summerfield claims that of twenty 
workers occupied up to thirty years 
in a Berlin gypsum factory none 
showed signs of tuberculosis. 
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Roéssle (23) claims that recent 
studies show that workers in lime 


and cement industries have a favora- 
ble mortality from tuberculosis. He 
says that when tuberculosis is found 
among cement workers it always 
develops slowly. 

Nieszytka (24) states that there is 
less susceptibility to respiratory dis- 
sases in chalk mines than in other 
mines. This author quotes Hirt who 
claims that chalk, gypsum, and ce- 
ment are the least harmful dusts for 
the respiratory organs; he quotes also 
CGrab’s statistics showing that only 
7.5 per cent. of the deaths in Hlubot- 
schep are due to tuberculosis. Simi- 
larly, Schlockow reports a tubercu- 
losis death rate of 2.2 per thousand 
in Riidersdorf, another limestone dis- 
trict. 

Maendl (25), 
of ealecium 1 
tuberculosis, 
which 


in showing the value 
herapy in pulmonary 
gives Tissak’s statistics 
that of 40,824 deaths 
only seventeen, or 0.041 per cent., 
occurred among calcium and gypsum 


show 


burners and that the German gypsum 
union claims that of 490 
employed seventeen years in a gyp- 
sum factory not one died of tuber- 
culosis. 


workers 


On these grounds Maendl says 
that we should have methodical gyp- 
sum dust inhalation treatments for 
tuberculous patients. 

(26) case of a 
pulmonary 


his 


Reckzeh cites the 


worker suffering from 


tuberculosis, who, on changing 
employment to that of lime burning, 
found that after several months his 
condition had improved.  Investiga- 
tions of several lime factories resulted 


in negative tuberculosis 


reports. 
the 
presence of calcium sulphate in the 


Furthermore, it is claimed that 
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water at Weissenburg, a health ro. 
sort in the Bernese Oberland, js the 
chief factor in its beneficial effect. — 

Reckzeh quotes the following dat. 
given by Grab: In Hlubotschep, , 
village of 1,600 inhabitants in a shut-jy, 
valley full of lime kilns, the averare 
vearly mortality rate from all causes 
for the period 1879 to 1888 was 2.9%, 
per hundred; the average rate from 
tuberculosis, 0.15 per hundred. Jp 
Buttowitz, a village of 890 inhabi- 
tants only a short distance ayay, 
where there are no kilns, the average 
mortality rate from all causes and 
the average tuberculosis mortality 
rate for the same period were 2.5 and 
0.34 per hundred, respectively. 
figures point toward the 
favorable effect of calcium. 

When discussing the different the- 
ories otfered in explanation of the 
beneficial action of calcium, Reekzeh 
savs that Halter attributes it to the 
ealcium’s dehydrating action on the 
alr, While Weber, Hirsch, and Hunte: 
say that the dryness of air containing 
calcium has a drying action on the 
pus. Reckzeh summarizes the bene- 
ficial factors thus: (1) Lime produces 
calcium carbonate in the lungs whic! 
causes calcification; (2) lime dehy- 
drates the air; and (3) the air abou’ 
the lime kilns is heated to between 
41° and 70°C. 

Reckzeh treated eight tuberculous 
patients with lime by placing them in 
a room for five minutes a day and 
rendering the atmosphere dusty | 
beating bags containing lime. spr 
tum counts, temperature, and weigh": 


These 


p ssible 


~ 


vere taken, but no positive resul 
were obtained. 

Landis (11) in speaking of ino 
ganic dusts states that, “no mat 





























9) 


«at their source,” these dusts “pro- 
: ae definite changes in the lungs. 
They differ in the severity of the 
‘sions produced in accordance with 
aydoess, sharpness and chemical com- 
ition’ He places silica at one 
and of the seale, and plaster of Paris, 
, ime, bituminous coal, and soft car- 
sonaceous material at the other. 
Nicholson (27) thinks that the 
-oluble dusts, such as lime, cannot 
quse irritation and accumulation be- 
oqguse the foreign particles are removed 
hy the macrophages which pick them 
! Ip and carry them to the periphery 
the lung. The inhalation of lime 
therefore, not followed by 
f X-ray films give 
« hazy picture due to a mild, diffuse 
‘brosis of the lung tissue possibly 
produced by the small amount of 


‘ree silica (S102) in lime or by sand- 





ust 1s, 


extensive fibrosis. 


stone. free veins of which intersect 
most limestone quarries. Nicholson 
concludes that all dusts are not 


equally harmful, coal being possibly 


veneficlal, lime neutral, and _ silica 
injurious. 
Thompson (28), in speaking of 


mment dust, states: “Upon the whole, 
proportion to the quantity of dust 
mated, cement dust, like coal dust, 
produces less damage to the respira- 
tory system than might be supposed— 
less than the harder, sharper flint or 
viass dust, although chronie bronchi- 
asthma and pneumonoconiosis 
‘result from it.” 
Vancoast, Miller, and Landis (29) 
«{ by clinical examination, roent- 
‘opie study, and 
examination by stereoscopic 
of thirty-nine potters, twenty 
srinders, twenty cement 
‘’s, fifteen asbestos workers, and 


t 


ry) 
i 


roentgeno- 


} 
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ten coal miners and marine firemen, 
that the quality and probably the 
weight of the dust are the most 
important factors in pneumonoko- 
niosis. Kober (29, p. 106), in dis- 
cussing this paper, states that the 
quality of the dust plays a more 
important role than the quantity, 
and that the hard, sharp, and angular 
fragments of steel and quartz dust 
appear to produce more intensive 
lesions than does dust from limestone, 
plaster of Paris, and cement. ‘“‘As 
a matter of fact, workers in these 
latter materials, although exposed to 
very intense volumes of dust, ex- 
hibit a certain degree of immunity 
from tuberculosis.”’ 

The following reports are of interest 
in connection with the beneficial 
effects of calcium dusts. 

Selkirk (30), as a result of personal 


investigations among lime workers, 
finds that they show exceptional 


health, and also that an increase in 
weight 1s seen among new workers at 
the Warren Cement Works of Hartle- 
pool. He discusses the action of the 
earbon dioxide in the lungs upon in- 
haled calcium and its absorption into 
the body, its possible therapeutic 
value being that the lime salts formed 
offset the loss due to the deminerali- 
zation produced by tuberculosis. He 
cites Rénon as saying that when a 
limestone works opened up in a 
particular place there was a decrease 


in tuberculosis among the people 
of the neighborhood. Furthermore 


Selkirk suggests that individuals pre- 
disposed to tuberculosis should work 
in cement and lime and that perhaps 
a lime works should be started as a 
tuberculosis cure. 

Coutiére (31) claims that reporis 
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show that lme burners have a cer- 
tain immunity against tuberculosis. 
He cites Rénon and Bordenave who 
show that following the installation 
of lime kilns there was a disappearance 
of tuberculosis in certain regions. 
Coutiére conducted a series of ex- 
periments in which he gave human 
subjects inhalations of finely pow- 
dered lime for five-minute periods in 
a closed chamber. He claims that 
the treatment was helpful and that 
the subjects suffered no marked dis- 
comfort during the inhalation. The 
work of Mary Mercier who has been 
having marked suecess in Paris since 
1913 is cited. She claimed a 40 per 
cent. cure, as well as a marked im- 
provement inallher patients, basing her 
conclusions on sputum examinations, 
radiographs, and clinical symptoms. 
Coutitre says that because of the 
complexity of the lung it is hard to 
say how lime produces its beneficial 
action but that it is doubtless due to 
calcification which produces a local- 
In conclusion he says that 
“This simple and sure method of 
direct and indirect calcification should 
become fundamental in the treatment 
of tuberculosis, being valuable both 
as a preventive and as a cure.” 
Tucker (4), as a result of his in- 
vestigations of the dust problem in 
some Portland cement plants at River- 
side, Calif., claims that ‘There ap- 
pears to me to be no evidence of 
injurious effects from cement dust 
upon emplovees engaged in its manu- 
facture.’ ‘This conclusion is based on 


ized aren. 


the examination of 956 employees of 
one plant and of the men employed in 
the dusty departments of four other 
mills, as well as on hospital records 
and guinea-pig experimentation. 


Rockwood (32) voices the 
sentiment in an article treating of 
lime and tuberculosis, which brine 
out the possibility of the lime dys. 
having a beneficial effect on pul- 
monary tuberculosis and causing gy 
inhibition of the tuberculous process 
This belief is based on an intensive 
and interesting series of reports from 
managers of plants engaged in the 
manufacture of calcium products, 

Tweddell (83)(34) points out the 
method of treating early cases of 
pulmonary tuberculosis with calcium 
dust. He used calcium sulphate dust 
shot from a blower. Inhalation of 
calcium oxide or calcium sulphate, he 
claimed, causes them to “‘penetrate 
to the remotest parts and there set 
up an alkaline antiseptic reaction 
with the moist tissues which tends to 
overcome the acidosis nearly always 
present. The constant associated de- 
ficiency of calcium is thus also cor- 
rected” (33). 

Olson (35), in an article dealing 
with the use of gypsum in the treat- 
ment of tuberculosis, gives the follow- 
ing as a speculative possibility for 
the reaction of calcium sulphate in 
the lungs: 


Same 


A part of the CO» which accumulates in 
the lungs combines with the calcium com- 
ponent of gypsum. As a result the other 
component, sulphurie acid, would be iree 
to act first as an antiseptic and finally com- 
bine with either the sodium or potassium or 
both. These salts would be readily ab- 
sorbed, leaving the soluble calcium to com- 
bine in such a way with the tissue as to form 
a calcium lesion. 


Two other facts are brought out 
in these articles, one being the al- 
sence of tuberculosis among workers 
in lime and gypsum plants. In 1915 




















Dr, Tweddell made a personal visit 
.. #yenty-two plants and found no 
sages of tuberculosis recorded.  Simi- 
lar reports are made by a number of 
sypsum products manufacturers (36). 
The second fact is the use of gypsum 
just in cow stables as a prophylactic 


and therapeutic agent. 


to 


\ 
) 


Animal Experimentation 


Nagai (37) carried out experiments 
with guinea-pigs, exposing one series 
+) lime dust alone and another series 
‘) lime dust containing tubercle 
bacilli. These dusts were kept in 
sispension by mechanical agitation. 
The results showed that lime dust 
alone had no detrimental effect. 
When lime dust was superimposed 
upon a tuberculous involvement or 
when the dust and bacilli were ad- 
ministered simultaneously, the dust 
had no demonstrable beneficial action. 

The experimental work of Beattie, 

quoted by Middleton (38) and 
subsequently by several American 
investigators, shows that from an 
expermental standpoint lmestone, 
plaster of Paris, and cement have no 
‘ul effect on the lungs of exposed 

nimals. As quoted by Collis (39), 
ilcim and Hebert in studying the ef- 
‘ect of plaster of Paris dust on rab- 
biis and dogs found that only a few 
inhaled particles pass the vocal cords. 

‘esa-Dianchi (40) conducted a 
‘cries of experiments in which he 
dusted guinea-pigs with chalk, coal, 
‘homas slag, gypsum, cement, and 
mother of pearl, and studied the 
“lect on their lungs. Other animals 

‘ve dusted with the same dusts and 
“‘mnan strain of the tubercle bacillus 
v > Superimposed ; the amount used 
vould produce little to no alteration 
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in normal animals. The result showed 
that the dusts alone caused no 
marked alterations of the air passages 
and particularly no alteration of 
the lining parenchyma. When the 
tubercle bacillus was superimposed, 
a marked mediastinal involvement 
and great swellings of the peribron- 
chial lymph nodes were observed. 
The author says that all dusts pro- 
duce similar results except chalk and 
gypsum, leaving the reader in doubt 
as to whether he considers these 
beneficial. 

Wainwright and Nichols (41) con- 
ducted a series of experiments with 
ruinea-pigs to show the influence of 
anthracosis on tuberculosis. These 
authors agreed that coal dust in the 
lung has a protective value. Dr. 
Nichels considers it possible’ that 
“the soluble calcium salts which form 
a large proportion of the ash of coal- 
dust may at least play a part in the 
protective influence.” 

Tucker (4), whose work has been 
previously referred to, exposed guinea- 
pigs to cement dust and observed no 
harmful effects; in one series a marked 
increase in weight was noted. 

Gardner and Dworski (42), as the 
result of exposing tuberculous guinea- 
pigs to an atmosphere’ containing 
5.868 mg. of fine, white powdered 
marble dust per cubic foot of air for 
eight hours a day, showed that marble 
and granite dust produce tubercles 
deep within the lung as well as at the 
surface. From counts made of the 
subpleural tubercles in granite dust, 
marble dust, and control tuberculous 
animals, granite is approximately 
twice as severe in its deep sealed 
tubercle formation. The authors con- 
clude that marble acts as a mild yet 
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definite stimulus in the formation of 
tubercles. A further phase of this 
work was to confirm the results 
which had been demonstrated with 
this same strain of the tubercle 
bacillus in a previous experiment 
conducted by Gardner. Tuberculous 
animals dusted for seven and one- 
half months with the marble dust 
showed, five months following cessa- 
tion of dusting, that resolution was 
well under way. On comparison with 
the controls, it was found that the 
marble dust had delayed the tuber- 
culous process two months. One year 
after cessation of marble dusting all 
the animals showed subpleural scars 
aid one showed a tubercle. After 
two years all caseation had dis- 
appeared. In the marble series the 
phazoeytes did not migrate in great 
numbers to the lymphoid tissue. 
Gardner and Dworski (42) con- 
cluded that “the greater portion of 
mnaled marble dust 1s soluble in the 
lung tissues; that the mbkalation of 
this dust during the progress of a 
tubereulosis will be 
followed by the calcification of a 
certain number of the pulmonary and 
tracheobronchial lymph node tuber- 
” The insoluble. sili- 
clous matter giving a small amount of 
silicosis after prolonged 
delay in the 


preexisting 


cles. 


exposure 
causes a resolution 


proces SS. 


Swnmary of the Literature 


The statistical data of the Umited 
States show that tuberculosis mor- 
tality is higher for all calcium dust 
industries than for the population as 
a whole. The percentage, however, 
is markedly lower than for those 


industries involving exposure to dust 


of high silica content. TFurthermoy, 
exposure to calcium dust appears j, 
retard the development of the tuber. 
culous process since in the calcium 
industries the tuberculosis mortaljiy 
peaks are reached much later in the 
age scale than in the other dysiy 
trades. | 

Foreign statistical data rather cive 
one the impression that the calciuy 
industries are beneficial, especially 
the lime and chalk industries. | 

Clinical and industrial reports point 
to either a harmless or a_ beneficial] 
action of the calcium dusts. The 
reports from those who have em- 
ployed calcium dusts in the treatment 
of tuberculosis vary as to their value. 
Those employing calcium oxide, with 
the exception of the French workers, 
claim that it is of no benefit, while 
those using calcium sulphate feel tha’ 
it is helpful in the early stages. The 
ineffectiveness of the former can be 
attributed to the caustic action of 
this dust. 

Animal experiments point rather 
to the fact that calcium dusis act as 
mild irritants and, though playing no 
important rdle in the developmen 
of tuberculosis, do not 
development. 


arrest Its 


ORIGINAL EXPERIMENTS 
The Problem 


Since the reports, 
ments, and comparative statisti 
data stress the possible harmlessne* 
of the calcium dusts and to a lest! 
degree their beneficial action, as WC 
as the absence of pneumonokenios 
and phthisis in the calcium in’ 
tries, it is the purpose of this 

1. To test the effect of a 


brief exper! 




















calcium = dust, namely, hydrate of 
lime, on the lungs of experimental 
» To determine if it exerts any 
soneficial or detrimental action where 
‘s a tuberculous involvement of 


‘mals 
animais. 


there 
loneog 
ne LULL S. 
in order to prove these points the 
esearch has developed along patho- 
lovic lines, both gross and microscopic, 
and along chemical lines of a quanti- 


tative nacure. 


Method 
Dust Employed 


In conducting these experiments 
the dust employed was a finely pow- 
lered hydrated lime (Ca(OH).).! 
Duplicate chemical tests were run 
on this material to determine its cal- 
The tests showed this 
to be 42.68 per cent., chiefly in the 
form of caletum hydroxide with small 
amounts of ecaletum earbonate and 
aulcum bicarbonate; there were traces 
‘silica. Hydrate of lime (Ca(OH).) 
vas employed because it is the sim- 
niest form of lime available, containing 
‘he greatest amount of calcium and 

he same time being noncaustic. 
the only simpler form of calcium dust 
is CaO (caustie or quick lime) which 
is so strongly caustic as to cause 


rapid destruetive dehydration. 


eum eontent. 


xperimental Animals 


habbits were employed entirely 
tr experiments, fiftv-four rab- 
it all being used in this phase of 

work. These rabbits were sepa- 
ito five series, namely: 


ned from Charles Warner and 
January, 1923. 
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Number of 


Series Animals 

1. NROFMA! GCOMCKOU........4 ccc kes 8 

2. Tuberculosis controls............ 10 

3. Lime-dusted animals............ 12 
4. Lime-dusted animals with super- 

imposed tubereulosis.......... 12 


5. Animals inoculated with tuberecu- 
losis with superimposed lime 
Pe es ea ee 12 


Dust Chamber 


A special dust chamber 6 feet, 8 
inches by 3 feet, 8? inches by 6 feet, 
9 inches, with a cubic content of 
167.8 cubic feet, was constructed in 
an alcove. Grooves were made to 
support three tiers of iron poles on 
which the cages were placed. This 
dust chamber was sufficiently large 
to accommodate twenty-four indi- 
vidual animal cages at onee. The 
front part of the dust chamber con- 
tained a glass window and a door 
with bindings so as to make it dust 
proof. The walls were washed with 
a white enamel paint, and the floor 
was of cement. An electric lght 
hung from the ceiling and a four- 
blade electric fan, used for circulating 
the dust, was attached to a floor 
plug. 
three cage levels through which a 
glass eylinder could be attached to 
a Palmer apparatus for determining 
the amount of dust in circulation. 
Another opening near the top made 
possible the additional 
dust. 

The amount of dust placed in the 
chamber was 2,500 gm., or 3,800 c.e. 
At the beginning of each daily ex- 
posure the dust was gradually in- 
troduced while the fan was running, 
and was kept in continuous circula- 


‘There were openings at the 


supply of 


tion for six hours, the duration of 
daily exposure. Table 2 gives the 
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amount of calcium present at the 
level of the three tiers in the dust 
chamber at the beginning and end of 
the daily runs. The figures in this 
table represent a series of test runs 


TABLE 2.—WEIGHT OF DUST PER 100 
CUBIC FEET OF AIR IN TERMS 
OF CALCIUM 


| MAX1-| MINI- | AVER- 


| MUM | MUM | AGE 


TIER 





Beginning of Six-Hour Period 





| 











| mg. | mg. | mg. 
Low...........+...+++.| 37.88} 17.50} 30.90 
ee 36.75, 22.45) 28.83 
ier Nba | 34.28 21.07) 27.46 

End of Six-Hour Period 

mg. | mg. | mg. 
Low.................+..| 26.64] 18.60] 24.94 
PND, 6 ieee Lea rkes 30.28) 19.03) 25.15 


i cdavergxssgnneeci | 27.20, 11.70) 19.55 


covering a week. The dust sampling 
and estimation were made with the 
Palmer apparatus. The computa- 
tions were made from samples of the 
chamber air aspirated during ten- 
minute periods at the rate of 5 cubic 
feet per minute. These samples were 
collected in 100 e¢.c. of water, and 
an aliquot portion was evaporated to 
dryness in a weighed porcelain dish, 
incinerated, and weighed as calcium 
oxide. T'rom this datum the amount 
of available calcium was calculated. 
At the same time counts were made on 
these samples to determine the total 
number and proportionate size of 
the dust particles. These figures are 
not included in Table 2, since the 
author realizes the solubility of cal- 
clum hydrate and calcium bicarbon- 
ate in water. Hence the figures 
would merely represent the undis- 


solved amount of these two substanoes 
plus the insoluble calcium earhoy 
Roughly speaking, the average ny». 
ber of particles in suspension at {hp 
three levels at the beginning ayq 
end of the six-hour run is approy. 
imately 1,000,000. Of this totaj 
0.15 per cent. to 0.25 per cent. ayer. 
aged 0.01 mm. in size, 2 to 25 ner 
cent. 9.0004 mm., and 97 to 98 pe 
cent. 0.0001 mm. These figures way. 
rant the designation ‘dusty’ fo 
the atmosphere and show that thp 
major portion of the dust particles 
were sufficiently small to gain access 
to the remotest air spaces of the 
lungs. 

Temperature observations were also 
made over a period of one week to 
determine the mise in temperature 
within the chamber. The tempera- 
ture increased 5°C. during the six- 
hour period but it never rose above 
26°C. 


ate. 


Tuberculosis Culture 


The culture employed was culture 
No. 175. The virulence of this 
culture was said to be such that 0.0] 
mg. or 0.005 mg. of culture in | cc. 
of salt suspension would kill a goat 
or a rabbit respectively within three 
weeks. The actual virulence of this 
culture when tested on a series 0! 
rabbits by intravenous injection ws 
such that 0.01 mg. per eubiec centr 
meter of suspension killed the ral- 
bits in three weeks’ time and 0.02 
mg. produced conglomerate tuber 
culosis in the lungs, kidney, live! 
and spleen at the end of four weeks 
When given intratracheally, 0.002 
mg. produced miliary tubercles 


5 Obtained from Dr. Joseph Arons0?, 
Henry Phipps Institute, Philadelphia, ! 


, Y 
= 


Nov., 102 














AS 





CALCIUM AND 


‘yo lungs but other organs were not 


-_ 


att ected. 

" ‘Therefore 0.002 mg. per cubic centi- 
»eter of suspension was the amount 
sven throughout the experimental 
wiaele This suspension was made up 
»< follows: A. definite amount of a 
sbyeerin agar culture was weighed 
oy a sterile watch crystal and then 
sound in a sterile mortar, using as 
‘ho diluting agent physiologic saline 
solution; emulsifying was continued 
‘yy about twenty minutes when a 
homogeneous suspension was ob- 
‘ained. A stock suspension was made 
containing 10 mg. in 10 c.c. of phys- 
‘logic salt solution. From this was 
made the suspension which was given 
‘9 the animals—0.002 mg. per cubic 
centimeter. A direct count of the 
yacteria present in the suspension 
was attempted; for this the suspen- 
sion containing 0.01 mg. per cubie 
centimeter was employed. Counts 
were made on two different suspen- 
sions, one of which showed 30,000,000 
yacteria in 1 e@.e. of suspension; the 
other, 27,000,000 bacteria in 1 c.e. 
\s these figures approximate  ac- 
curacy, 1 ee. of a 0.002 mg. per 
cubic centimeter suspension should 


represent between 9,000,000 and 


0,000,000 organisms. Counting was 
done on unstained bacteria in a 
Zeiss )lood-counting chamber. 
Inoculations were given intra- 
‘racheally, the dose being always 1 ¢.c. 
of the suspension containing 0.002 


nig. Of bacilli per cubic centimeter 
suspension, 


ee ‘ ° 4 
Procedure in Dust Experiments 


1c animals were placed in individ- 


cages on the shelves of the dust 


Vial 


er and by interchanging the 
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cages the animals were exposed on the 
first, second, and third tiers in rota- 
tion. Therefore all the animals ob- 
tained approximately the same 
amount of dust. Series 3, the lime- 
dusted animals, and Series 4, the 
lime-dusted animals with subsequent 
tubercle bacillus inoculation, were 
conducted simultaneously. The tuber- 
culosis series with subsequent lime 
dusting was run separately so as to 
prevent any transfer of tuberculosis 
from series to series. 

The dusting amounted to six hours 
daily for thirty consecutive days. 
The six-hour interval was chosen 
since that represents about the work- 
ing day of the laborer, and the dura- 
tion of exposure to a dust is a factor 
in its resulting harmfulness. 

During the dusting period the 
rabbits were weighed every two days 
and a graph of the weights of all 
the animals during the entire period 
of experimentation was plotted for 
each of the five series. [Experimen- 
tal conditions such as temperature, 
location in chamber, food, and hour 
of weighing were kept as nearly con- 
stant as possible, in order to elimi- 
nate to some extent the numerous 
factors entering into weight fluctua- 
tion. 

Each animal was kept in a sepa- 
rate cage to prevent the transference 
of infection. At the end of the 
thirty-day period two animals from 
Series 3 were killed and two more at 
the end of the first, second, third, 
fourth, and fifth months after cessa- 
tion of dusting. At the close of the 
dusting period all members of Series 

4 were inoculated intratracheally with 
1 cc. of the tuberculosis culture— 
0.002 mg. per cubic centimeter of 
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suspension. Two of these animals 
were killed at the end of the first 
month, and two more at the end of 
the second, third, and fourth months 
after the inoculation. Series 5 re- 
ceived the same dose of tubercle 
bacilli just prior to being exposed 
to the calcium dust and these animals 
were kept in the dust chamber for 
the same period; 7.e., six hours a day 
for thirty consecutive days. 


Examination of Animals 


Autopsies were made on all the 
animals after asphyxiation with il- 
luminating gas, particular attention 
being directed to the lungs and lym- 
phaties. The trachea was lifted, two 
ligatures were loosely tied around it, 
and a 4 per cent. solution of formal- 
dehyde (about 25 to 50 e¢.c.) was 
gently injected into the lungs in s7tu. 
As soon as the air of the lungs was 
replaced by the fluid they were 
“plucked,” fixed in formaldehyde and 
alcohols, and embedded in celloidin 
by the customary procedure. The 
following sections were made: base 
of lung; apex of lung; root of lung, 
comprising bronchioles and lymphatic 
issue; and other organs such as liver, 
kidney, and spleen, if any suspected 
tuberculosis involvement was visible. 


Statning of Sections 


Phosphotungstie acid and hema- 
toxylin stain were used to demon- 
strate the increase in connective tis- 
sue and also the presence of macro- 
phages and dust. Carbolfuchsin was 
used with Giemsa’s stain as a counter- 
stain to demonstrate the presence of 
the tubercle bacilli, giant cells, and 
tuberculous areas. 


Results 
Weights 


The five comparative weight charts 
show the following facts: 

1. Normal Controls (eight animals): 

All animals showed a fluctuatioy 
in weight varying anywhere from 9° 
to 25 gm. plus or minus over a two- 
day period, and as much as a 100-gm. 
rise or fall over a period of a week. 
The general trend was an upward one. 
all the animals being above thei; 
initial weight when they were killed. 
The increase of the final over the 
initial weight was anywhere from 
25) to 230 gm. 

2. Tuberculosis Controls (ten animals): 

Immediately following the injec- 
tion there was a fluctuation in weight 
extending over a period of from fif- 
teen to twenty-five davs, at the end 
of which a marked rise in weight had 
occurred which was followed by a 
rapid and steady decline. In the 
animals receiving the intratracheal 
injections the decline in weight was 
slower than in those receiving the 
intravenous injections. 

3. Lime-Dusted Animals (tielve 
animals): 

None of these animals died during 
the dusting period and all showed a 
fluctuation in weight fairly compara- 
ble to that of the normal controls. 
Five of these animals at the cessation 


of dusting showed an increase over 


their initial weight, one having gained 
as much as 650 gm. 


weight remained constant. [ive ©! 


the six remaining animals lost welg.:|; 


but not more than 200 gm. each, wl: 


the sixth showed a loss of 400 £1) 


Vie 


—- 


This greater loss was doubtless | 


° ° ° ’ Asad 
to pleurisy from which the anima: (1c! 
































One animals 















yee weeks after the discontinuation 
.« dusting. Following the cessation 
if dusting, the animals gained in 
vont. By the end of the second 
veck all were above their initial 
veiwht and showed a steady increase. 
last four animals, killed at the end 


i \ Ad 


” 


of the fourth and fifth months after 
usting had eeased, were 300 to 409 
mn. above their original weights. 
f: would seem, therefore, that the 
ealeium bydrate had had no marked 
detrimental effect. 

' Lime-Dusted Animals with Super- 
Tuberculosis (twelve 


| 
(I 


imposed 

animals): 
uring the dusting period, all the 
veight fluctuations 
similar to those exhibited by Series 3; 
six had gained weight, three had lost 
than 190 gm., and the remainder 
had lost froma 1900 to 2900 gm. 

\'ter the injection of the tubercle 
suspension there was a fluctuating 
maximum 
peak being reached in one instance 
liiteen days and in the others forty- 
to sixty days following the in- 
jection; after this there was a rapid 


animals showed 


increase In weight, the 


Ge | ine - 
Tubercu- 
Lime 


lnimals Inoculated with 
losis. with Superimposed 
Dust (twelve animals): 
the weights of these animals, dur- 
ing the lime-dusting periods, showed 
‘luctuations quite similar to those of 
Series 3. There was, following the 
( ssation of dusting, a rather marked 
merease In weight extending over a 
period of from twenty-five to ninety- 
ive days, and the subsequent decline 
rather gradual and, to a certain 
aree, fluctuating. Only one of the 
¢ showed a gradual decline from 
third day after injection. 


SALCIUM AND TUBERCULOSIS 


Summary of Weight Curves 


1. Normal rabbits showed a flue- 
tuation in weight. 

2. Tuberculosis controls showed at 
first a fluctuation which was followed 
by a steady and rapid decline in 


weight. 
3. lame-dusted animals did not 
differ markedly from the normal 


animals in weight fluctuation—a fact 
which points to the harmlesyness of 
the treatment. 

4. Lime-dusted animals with super- 
imposed tuberculosis showed a_ flue- 
tuating increase in weight up to 
sixty days, followed by a rapid de- 
cline. 


5. The animals inoculated with 
tuberculosis with superimposed 


lime dust showed at first a fluctuating 
increase up to ninety-five days after 
inoculation, followed by a fluctuating 
decline, each upward peak being a 
trifle lower than the one immediately 
preceding. 


Pathology of Lungs 


{. Normal Controls: 

Gross Inspection.—The lungs were 
in all cases of a pale pink color. 
Six showed small mottling, and one 
of these had small congested areas 
at the base of the right lobe. In 
one instance small collapsed areas 
were scattered over the entire sur- 
face of the lungs. All the lungs were 
spongy to the touch. 

Microscopic Examination.—As a 
whole the lung sections gave a uni- 
form picture: (1) normal alveoli; (2) 
insignificant amount of lymphoid tis- 
sue in the apical and basal sections, 
but more marked in the root sections; 
(3) no definite evidence of consolida- 
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tion or of areas of cellular infiltration; 
(4) the alveoli were free from detritus 
and showed no changes in the epithe- 
lial linings; (5) occasional free macro- 
phages were seen in the alveoli. 

The phosphotungstic acid and 
hematoxylin stain showed the normal 
lungs to have little connective tissue. 
Occasionally the sections stained by 


the acid-fast method showed within 
a macrophage particles of foreign 
material which resisted decoloriza- 


tion even up to twenty-four hours’ 
immersion in Ll per cent. hydrochloric 
acid in 70 per cent. aleohol. These 
particles were obviously dust. They 
possessed none of the morphologic 
peculiarities of tubercle bacilli. 

2. Tuberculosis Controls: 

Gross Inspection—By referring to 
Table 3 one sees that the large intra- 
venous dose of the tubercle suspen- 
sion caused death of the rabbits in 


three weeks’ time. At autopsy the 
findings were those of generalized 
tuberculosis, all the organs’ being 
extensively involved. The two ani- 


mals receiving the lighter intravenous 
dose presented normal lungs with a 
few scattered tubercles in the liver, 
kidney, and spleen. 

Of the six animals inoculated intra- 
tracheally, all revealed areas of con- 
solidation and distinet tubercles. In 
some instances there were well-defined 
areas of caseation; in others, masses 
of conglomerate tubercles. These 
suffered from no 
involvement of the other organs. 


animals, however, 


Microscopic Examination.—The mi- 
croscopic findings bear out those of 
the macroscopic. The animals which 
had received the larger dosage intra- 
venously, namely, No. 1 and No. 2 
(Table 3), showed heavy involvement. 
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Uniformly scattered throughout the 
lungs were caseated, conglomerat, 
tubercles and large areas of consolida. 
tion. Numerous acid-fast rods woers 
observed in clumps or grouped sing}; 
within mononuclear and _ binucles; 
cells. There were also some extra. 
cellular rods. 

The two animals, No. 3 and No, 4 
(Table 3), which received the small 
dose intravenously showed no marked 
inflammatory reactions in any of the 
sections examined. However,  agid- 
fast rods, chiefly intracellular, were 
scattered uniformly through the alyeo- 
lar tissue; this phenomenon was more 
evident in the apex and base sections 
than elsewhere. 

All the sections of Nos. 5 to 10 
inclusive (Table 3) showed a great 
number of macrophages containing 
tubercle bacilli. In all the apical 
sections marked cellular infiltration 
of the connective tissues was observed 
but no definite miliary tubercles were 
seen. In two of the basal and root 
sections there was a definite, but ill- 
defined consolidation, and the begin- 
ning of caseation. 

3. Lime-Dusted Animals: 

Gross Inspection.—One 
this series was accidentally 
after the dusting had been in progress 
for but one week. It was replaced 
by another animal to keep the series 
complete. Two rabbits died following 
the cessation of dusting—one two 
weeks after, and the other six weeks 
after. It was thought that the for- 
mer died of peritonitis, since at au 
topsy a marked plastic exudate was 
found in the peritoneum. ‘There was 


rabbit in 


st 
killed 


a slight congestion of the right lung 
while the left lung was normal. i 
second rabbit died of pleurisy. Th¢ 
































entire left lung had adhered to the 
pleural cavity and showed marked lung material stained by the acid- 


ANIMAL 


NUMBER OF 


— 





CALCIUM AND TUBERCULOSIS 521 


Smears of the heart blood and of the 








TABLE 3. —MACROSCOPIC PATHOLOGY OF TUBERCULOSIS CONTROLS 


’ 
4 


‘LE 


DOSE OF TUBER( 


SUSPENSION 


MODE OF INJECTION 


LIVED AFTER INJECTION 


NUMBER OF DAYS ANIMALS 


GROSS PATHOLOGY FINDINGS 





| 





1 e.c. 0.01 mg. sus- | intrave- 


pension 


same 


nously 
same 


c.c. 0.002 mg.sus- | same 


pension 


Ada 


same 


ame 


Same 


himal died. 





same 
intra- 


same 


same 





same 


same 





' same 





tracheally| 





~) 
pa 
= 


21! 


35 


Abundant conglomerate tubercles in lungs 
| liver, spleen, and kidneys. 
Confluent tubercles scattered over both 
| lungs; many minute tubercles in liver, 
| kidneys, and spleen. 
| Lungs apparently normal. Several small 
tuberculous areas in liver and one in 
right kidney. 
Slight congestion of lungs with no evidence 
of tubercles. Other organs normal. 
| Lungs mottled: several areas of consolida- 
| tion. Other organs not involved. 
| Caseous cervical lymphatics due to inocu- 
| lation. Middle of right lobe of lungs 
| showed sharply defined caseated area; 
| right base congested; left lung mottled. 
_ Areas of consolidation in basal portions. 
| General confluent tuberculous areas 
| throughout right lung. More involve- 
| ment in right side. Other organs not 
| involved. 
| Consolidation of right base and apex; more 
marked in base. Other organs not in- 
| volved. 
| Base of right lobe showed many conglom- 
| erate tubercles. Mottling over entire 
| lung, 
| Mottling of lungs. No apparent evidence 
of definite tubercles. 








‘ion and a film of fibrin over- 


The right lung was normal. 
moderate amount of 


Was 


a 


s on . . . . 
Hild within the pleural cavity. 





fast and Gram’s methods gave nega- 
tive results. With these two excep- 
tions, all the animals showed practi- 
cally normal lungs at autopsy. 








Hramination.—With 
the exception of the rabbit which 


Micrescopic 


died of pleurisy, all the animals of 
this series gave consistent results. 
The animal that died from a fall 


after receiving but one week’s dusting 
showed in all the sections examined 
desquamation of the alveolar epithe- 
lium and a number of macrophages 
in the interalveolar connective tissue 
containing dust particles. No dust 
particles were seen in the lymphatic 
tissue. 

The animals killed at the end of the 
thirty-day dusting period showed an 


increased number of macrophages 
scattered through the interalveolar 
tissue, all of which contained dust 
particles but not very many. Oc- 


easional macrophages were found as- 
sociated with patches of lymphatic 
tissue as wellas within the bronchioles. 

The animal which died of peritonitis 
two weeks after the cessation of dust- 
ing showed macrophages chiefly in the 
basal sections of the lungs, where they 
tended to form clusters; the apical 
sections were free from them. Granu- 
lar material, evidently dust particles, 
was seen in the lymph glands. 

The sections from the animals killed 
one month after cessation of dusting 
revealed macrophages in groups in 


the alveoli and sometimes in the 
bronchioles. The wandering cells 
contained but few dust particles. 


The sections of the remaining mem- 
bers of this series killed at the two, 
and intervals 


showed no further changes other than 


three, four-month 


a deerease in the number of macro- 


phages. By four months the lungs 
were normal. No inerease in c¢on- 
nective tissue was demonstrable in 


any of this series. 
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4. Lime-Dusted Animals with Sip. 
imposed Tuberculosis: | 
Gross Inspection.—In_ general {iy 
gross pathologie findings of this groy,), 
as recorded in Table 4, show the gamp 
type of involvement as did the tube: 
culosis controls. In some of {hp 
control group there was evidence of 
consolidation surrounding the caseate 
areas which was not macroscopically 
evident in any of this group. The 
early deaths of animals Nos. 1, 2 
and 3 were due to intercurrent acci- 
dents, as was revealed by the autopsy 
findings. At autopsy the other mem- 
bers of this series showed localized 
conglomerate, confluent — tubercles 
with comparatively little involvement 
of the rest of the lung, indicating 4 
somewhat delayed progress but. not 
an arrest of the infection. 
Microscopic Examination.—The an- 


imals dying or killed = during the 
first month showed a_ widespread 


pneumonic involvement with no def- 
nitely localized, distinct tubercles. 

Two animals killed on the thirty- 
second day after inoculation showed 
an incipient miliary tubercle forma- 
tion with many mononuclear 
erowding the alveoli surrounding the 
tuberculous foci. 

One animal killed on 
second day showed 


cells 


the forty- 

caseated areas 

in the apex and massive consolidation 

in the base, with involvement of t!i 
lymph glands at the root. 
One animal killed on 

day slight involve- 

ment of the apex, scattered tubercles 


the sixty- 


second showed 


- 


in the base, and involvement of t! 
peribronchial glands at the roo 


Another animal killed on the sau 
day showed advanced caseation su 
rounded by large areas of consoles 














os “\BLE 4.-MACROSCOPIC — PATH- 
~ or0GY OF LIME-DUSTED 

| \NIMALS WITH SUPER- 

ue | IMPOSED TUBER- 

Ip, CULOSIS 


i ‘) animals received 1 c.c. of a 0.002 mg. 
a euspension of the tubercle bacilli 
intratracheally) 








DAYS 


ANIMAL 
LIVED 


AFTER INJECTION 


GROSS PATHOLOGY FINDINGS 


st OF 
ANIMAL 


NUMBI 
NUMBER OF 


I)- an, poe 





(| ; 23! | No evidence of tubercles in 

ac | lunes or other organs. 

: No evidence of tubercles in 

lungs or other organs. 

°6' | Congestion of both sides of 

lungs; at base of left lung 
possibly some incipient tu- 

i. bereles. Other organs nor- 

mal. 

d : { 32 | Lungs showed congestion and 

mottling. Pleura adherent 

in spots. Fibrin in pleural 
cavity. 

32. | Conglomerated tubercles seat- 

d tered through lungs. Other 
tissues normal. 

6 422. In right lung numerous con- 
fluent tubereles. No macro- 
scopic changes in other 
organs. 

* ( 62 | Caseous nodes in both lungs, 
more inleft. Small caseous 
nocesinliver. Large caseous 
lymph gland adjacent to 
trachea. 

S 62. Massive caseous areas in both 

‘. lungs. More in left lung. 

; Caseous nodes in liver and 

kidney. 


Conglomerate tubercles’ in 
right and left lobes; more 
marked in right. Other 
organs normal. 

Tubereles in both lobes but not 
numerous; other organs nor- 
mal. 
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TABLE 4.—Continued 
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109' | Left lung widely involved. 
Lower lobe of right lung 
showed conglomerate tuber- 
cles. Upper lobe not seri- 
ously infected. Other organs 
not markedly changed. 

12 | 112) | Both Jungs marked with nu- 
merous conglomerate tuber- 
| cles. Bases of both lungs 
| badly affected. Tuberclesin 
| kidney, liver, and spleen. 








! Animal died. 

2 Killed because of paralysis. 
tion in both apex and base, and case- 
ated lymph glands at the root of the 
lungs. 

Two animals were killed on the 
ninety-first day. One showed mas- 
sive consolidation and caseation in 
the apex, base, and root, with com- 
paratively little uninvolved tissue. 
The other revealed no circumscribed 
tuberculous areas, with the exception 
of a peribronchial lymph node in the 
root. There was general prolifera- 
tion throughout the lung. 

The last members of this series died 
on the one hundred and ninth day 
and the one hundred and twelfth day 
respectively, showing consolidation of 
the apex and root, with marked 
raseation., 

5. Animals Inoculated with Tubercu- 
losis with Superimposed Lime 
Dust: 

Gross Inspection—Although there 
were two irritating factors—one or- 
ganie (tubercle bacilli), the other inor- 








a 


ganic (lime dust)—acting simultane- 
ously, no death occurred during the 
dusting period of this experiment 
(see Table 5). Moreover the two 
animals killed at the end of the dust- 
ing period and another killed forty- 
six days later manifested no visible 
tuberculous involvement of the lungs. 
‘There was caseous degeneration of the 
bronchiole glands in one animal which 
died after forty-two days. 

The remaining members of this 
series —killed at the end of the second, 


third, and fourth months—showed 
discrete tubercles of varying size; 


but in no instance was there any 
evidence of consolidation such as was 
scen in the normal controls as early 
as one month after injection. 

Microscopic Examination.—The two 
animals killed at the end of the first 
month showed no definite tubercles. 
Macrophages were scattered uniformly 
throughout the lung, but there was 
not the same degree of cellular infil- 
tration and proliferation as was seen in 
the corresponding members of Series 4. 

(‘ne animal dying on the _ forty- 
second day showed a few incipient 
tuberculous foci in the base, although 
the apex and root sections were 
normal. 

One animal dying on the forty- 
third day showed a large area of 
beginning caseation in the apex. A 
large peribronchial tuberculous area 
was seen in the base sections with 
central caseation. The rest of the 
alveoli appeared practically normal. 

One of two animals dying on the 
forty-fifth day showed two localized 
areas in the apex. The base sec- 
tions showed evidence of beginning 
tubercles. The second animal showed 
no distinct tubercles on the apex, 
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but two large and numerous 
scattered areas in the base with ¢op. 
siderable accumulation of large mono. 
nuclear cells throughout the larg 
tuberculous areas. | 

Another animal dying on the forty. 
sixth day showed several beginning 
tuberculous foci in the apex with yp 
visible caseation. The base shoved 
a large area of consolidation cop. 
taining considerable caseated material. 

One animal killed on the sixty 
fourth day showed no_ involvemen; 
in the apex but several well-developed 
areas with central caseation in the 
base. The root sections showed no 
involvement. 

Two animals killed on the ninety- 
first day showed large areas of casea- 
tion and consolidation throughout 
large portions of the lungs. 

Similar pictures were obtained from 
the two animals killed on the one 
hundred and twentieth day. Up to 
the end of the third month after inocu- 
lation the animals in this series showed 
less general proliferation throughout 
the lungs than the animals of Series 
2 and 4, and during this period no 
caseous lymph glands were observed 
in the root sections. 


smal] 


Significance of the Macroscopic and 
Microscopic Examinations 


The results of the lime-dusted series 
showed that lime (calcium hydrate 
acts as a mild irritant, as evidenced 
by desquamation of the epithelial 
cells and increased macrophage ™- 
gration in the lungs of the dusted 
rabbits. The lungs recovered rapidly. 
This type of dust does not perme 
nently damage the lungs through the 
production of connective tissue, since 
no increase in such tissue was 0b- 
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il F TABLE 5.-MACROSCOPIC | PATH- TABLE 5.—Continued 
| yLoGY OF ANIMALS INOCULATED = 
t FR 7 PUBERCULOSIS FOLLOWED a| 2 
™ BY LIME DUST FOR ONE 2 i/2n8 
ge : MONTH are zy 
: = |% 42! Gross PATHOLOGY FINDINGS 

{Jl animals received 1 c.c. of a 0.002 mg. . . a 
\- evepenston Of the tubercle bacilli 3 a 28 
lg intratracheally) : = 4 - 
10 ee Z, Z, 
F < - . é | 11 | 120 Four massive conglomerate 
“4 ar - 5 | tubercles in lungs. Smaller 
Y <|,35 tubercles seattered. Upper 
- g |? | 4SROSS FATHULOCY Srnotnae lobes less affected than lower 
it ~ ~ = lobes. Entire lung more or 
( -l- z : less congested. Other organs 
| 2 is | not involved. 
| —| 12} 120 | Conglomerate and_ diserete 
" 31 | Base of right lung mottled. tubercles in lungs. Other 

test of lung normal. Other organs not involved. 

- | organs normal. | 


} 


* >» 8, | Lungs slightly mottled. No 
other change. 


49! | Lungs somewhat mottled. P a 
a -. served. The temporary irritation 
Caseous glands at root. No : 


n other organs involved. may be partly attributed to the 
e ( 43! Both lungs show involvement. small silica content of the calcium 
0 Lymphatic glands at root. hydrate. Considering the amounts of 








t Animal died. 


I- | Lungs congested. Other dust inhaled, the calcium clement 
organs not involved. ‘ 
d wee ge mes v seemed to play no harmful role, 
5 645‘ | No distinet evidence of tuber- _* 
1 cles. Lungs mottled and doubtless owing to the fact that it 
Ss congested. Otherorgansnot was eliminated in solution. 
0 involved. In the series where the lime dusting 
t 4 aoe . ‘ ¢ . rd] T . . 
d : i” | Lungs mottled, congested. No preceded the inoculation of the tuber- 
| consolidation. Other organs iene 
ear cle bacilli, there appeared macro- 


F 7 46° | Lungs mottled, congested, . Scopically a somewhat less marked 
| | seattered tuberculous foci in involvement than was evidenced in 

: | both lungs. Two foci in the tuberculous controls. Micro- 
$ __ liver. Other organs normal. — seonically, however, there was little 


S| 64 | Seattered tubercles in both , ° 
| ge , or no difference in the progress or 
lungs and in liver. Other 


. + " . . wm , ' mn . 
organs normal. character of the individual lesions. 
| 9 91 | Large irregular caseous areas Even in this series a_ considerable 


inlungs. Inliversmallcase- gmount of general pneumonic involve- 
at} . Dae = : —— 
ations. Rest of organs not ment was seen without definite local- 


os 


affected. . | 
01 9 |e , ized tubercles. 
J] /onglomerate tubercles. Case- pies 
, ots eres around ‘traces. There was, however, a marked dif- 
Other organs not involved. ference between the animals in which 


—_— the lime dusting followed the inocu- 
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lation of the tubercle bacilli and the 
tuberculosis controls. Here a very 
retarded tendency to localized casea- 
tion with absence of generalized in- 
volvement was seen. This can be 
explained on the basis of the lime 
acting as a stimulant on the normal 
lune tissue, causing a migration of 
a great many macrophages, which 
phagocytosed the tubercle bacilli intro- 
duced. [¢ was only where there was 
2 clump of organisms that a tubercu- 
lous area formed around it. 

Throughout the series the progress 
of development of the localized lesions 
was the same as that pictured by 
(;ardner (43) in his illustrations of the 
early involvement of the guinea-pig 
lungs. ‘The illustrations given by 
(;ardner might serve as illustrations 
for the results obtained in the present 
work, 

The author realizes that, with 
such a massive dose of organisms and 
with such a heavy dusting, the resolu- 
tion of the lungs discussed by Gard- 
ner could not take place. If, how- 
ever, these two factors were operating 
in smnaller amounts, very interesting 
results might be obtained. 


Chemical Analyses of the Lungs and 
Blood of Rabbits 


Analyses were made to determine 
quantitatively the amount of calcium 
present in the lungs and the blood of 
normal and of lime-dusted rabbits. 
‘Twelve more animals were needed 
for this part of the work; eight nor- 
mal rabbits (four male and four 
female) and four dusted rabbits (one 
male and three female) were used. 
‘Throughout the experiment they were 


all kept as nearly as possible on the 
same type of food. 





Table 6 shows the length of 


t daily 
dustings over the entire period. 
dust, the dusting chamber, and 4) 
other conditions were the same as thos, 
of the preceding experimental work 

The animals were bled to deat) 
from the jugular vein while undp 
ether anesthesia. The blood was 4). 
lowed to clot at 37°C. and the supe. 
natant serum was pipetted off, Two 
cubic centimeters of serum were em. 
ployed for each titration and _ thre: 
analyses were made on each sample, 
Kramer and Tisdall’s method fo; 
determining calcium in small amounts: 
of serum (44) was used. 

As soon as the animal was bled 
death the lungs were removed as 4 
whole, placed in a weighed porcelain 
crucible, and dried over a water bath, 
They were further dehydrated by two 
successive changes of 95 per cent. 
aleohol and placed in a drying oven 
overnight. The lungs and dish were 
then weighed to determine the total 
weight of the dried lungs. The lung: 
were then reduced to ash and th 
‘alcium content was determined | 
Tisdall and IXramer’s method (45). 

All the results in Table 6 are cx 
pressed in terms of calcium. ‘The 
results show: 

1. Lungs.—There is a variation 
in the calcium content of the lings 0 
the normal animals tested—a varie 
tion which is much the same ! 
both sexes, the males giving as 
average 7.5 mg. per gram of lune 
tissue, the females 7.8 mg. Dustin 
of the animals causes an increase |! 
the calcium content, which is in dire: 
proportion to the duration ol! 
dusting period. A female dusted 
thirty days showed the greates 
amount of total stored calcium. 
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aly WE ©. Blood——There is also a varia- of experiments, a scasonal variation 
The HE son in the calcium content of the among male rabbits and also a direct 
al] sland of normal rabbits, which is_ relationship between the length of 
OS 
c TABLE 6.—CALCIUM CONTENT OF THE LUNGS AND BLOOD OF RABBITS 
at] DUSTED WITH CALCIUM HYDRATE AS COMPARED WITH THAT 
rp OF NORMAL RABBITS! 
ger SE IE TD ER OE A ET SO OEE NTIS 
al- | BLOOD 
Nor. LUNG EXAMINATION EXAMINA- 
TION 
WO See eee ee ee 
Cm- SUMBER OF ANIMAL SEX , ' rw? ‘a lei 
° rs Calcium | Calcium © letum 
om Weicht of ‘ | ‘ap se Content 
ir . Content of | Content ar 
| Dried ee Pee: iper 100 C.C 
Ne i eames Entire | per Gm. of |P e piod) 
( oe Dried Lung! Dried Lung Riisctaiees 
- gin. mid. | Md. mig 
| 
1—Normal female | 1.8612 | 12.1316 | 6.5180 | 17.6904 
t 2—Normal male =| 2.1124 | 11.6650 5.5220 10.9894 
34 | Normal male | 1.8742. | 16.5539 8 $325 12.02315 
ai !—Normal | male | 2.1248 | 15.9802 7.5208 13 .51055 
an | canes . eens aimee 
+] 5—Normal _ male | 2.2318 |! 18.3568 | §8.225l 14 .75005 
- 6—Normal | female | 1.9694 19 6680 | 9 .9867 18 46855 
“ 7—Normal ' female | 2.8770 | 18.0456 | 6.2723 18.8404 
S—Normal | female | 2 2604 | 18.6546 | §.2660 18 .22065 
yen 9—Dusted 50 days | female | 2.2773 | 26.8649 | 11.7900 18.3773 
ore l>—Dusted 30 days | male 2. 1462 17 .GOS5 | 8 .2460 17.2368 
tal 11—Dusted 7 days female | 2.3844 14.8740 | 6.2346 | 18.7164 
: Dusted 7 days female | 2.6143 | 14.7500 | 6.1764 | 19.0883 
ngs | ee Be 
} ee ee a eile ae I 
a ‘daily dusting period was six hours. Chemical determinations on dusted anima!s 


begun twenty-four hours after last dus 


, rkedly different in the two sexes 
nd slightly different within each 
voup. The normal blood of all the 

0) emale rabbits tested contained a 


2 acl 
jer ’ 
ngner 


percentage of calcium than 

‘hat of the males, the average amount 

blood caleium per hundred eubic 
of blood serum 

“SL mg. for the males and 18.3 mg. 


‘ i] 
ne? LHC 


entimeters being 


females, 


‘ie results of the blood analyses, 


) 


iow a difference between the 

well as between individuals 
lune sex, are interesting. Dr. 
nd Dr. Gates (46) in a recent 
“now, by means of a long series 





ting. 


caging and the ealclum = inerease. 
They gave 12.31 mg. as their average 
blood caleium for uncaged male rab- 
bits, which is slightly less than the 
average (12.81 me.) given in Table 6 
for animals that had been caged for 
one weck. 

Rezardless of the period © of 
exposure to the dust, the relative 
calcium the 
blood of male rabbits is greater than 
that The explana- 
tion for this is not forthcoming; but 


increase in content of 


for the females. 


it is of interest to note that through- 
out our experiments the total increase 


in blood calcium among = animals 
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inhaling calcium dust was uniformly 
greater among males than among 
females. The possible variation ex- 
isting between normal females and 
males is an interesting one and it 
will be considered in greater detail 
in a future article. 

rom the foregoing results it is 
obvious that lung calcium is variable 
in the normal rabbit. Dusting with 
calcium hydrate apparently increases 
the calcium content of the lung, the 
increase being in direct relationship 
to the duration of the period of dust- 
ing. The greater calcium increase 
in the lung of the female may be due 
to the fact that her blood, normally 
higher in calcium, less readily takes up 
the calcium deposited in the lungs. 


CONCLUSIONS 


Calcium hydrate dust is not harm- 
ful to the lungs of rabbits. It ap- 
parently acts as a mild stimulant, 


‘ausing the migration of macro- 
phages which remove traces of silica 
present in the calcium dust. The 


harmlessness of calcium hydrate dust 
may be attributed both to its phys- 
ical and to its chemical nature. 
The roundness of its particles prevents 
them from doing marked injury, and 
their tendency to coalesce prevents 


many from gaining access to the 
finer bronchioles. Moreover, the 


fact that it is soluble in the body 
fluids permits of its partial removal 
by way of the blood stream. 
When inoculation with tubercle 
bacilli follows a period of lime dust 
inhalation there seems to be a very 
slight retardation in the development 
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of tuberculous lesions which neyo. 
theless are indistinguishable from ¢}, 
customary lesions of this infection 
in rabbits. 

When the lime dusting occurs afte, 
the inoculation with tubercle hagjlj; 
there is a more distinct retardatioy 
of the tuberculous development oy. 
plainable possibly on the ground that 
the lime causes an overproduction of 
macrophages which render inert the 
tubercle bacilli. Since the lime js 
soluble in the body fluids there js 
no noticeable accumulation of foreign 
mineral matter. 

As dissolved ¢alcium is in the 
blood stream always as bicarbonate 
and phosphate, the excess, introduced 
by such experiments as have been 
detailed, must be deposited in those 
organs normally characterized by a 
high calcium content, such as the 


bones, kidneys, and lungs. In a tuber- 


culous condition where we have a 
calcium demineralization, any in- 
crease in calcium would tend _ to 


balance the existing deficiency and 
permit of an approach to normal. 


The author wishes to express her appre- 
ciation of the advice and encouragement 
received from Dr. A. C. Abbott and Dr. 
D. H. Bergey, of the School of Public 
Health and Hygiene, University of Pennsyl- 
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the Staff of the same school under whose 
immediate supervision the experimental 
work was conducted. 
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from Dr. F. H. Pike, Department of Organic 
Chemistry; Dr. D. W. Wilson, Department 
of Physiological Chemistry; Dr. W. #. P. 
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Leap Potsontnc. By Joseph C. Aub, 
rrerence IT. Fairhall, A. S. Minot, Paul 
Pesnikoff, with a section by Alice Hamilton. 


\edicine, 1920. vol. 4, pp. 1-250. 


nyone attempting a judicial esti- 
mate of the status of a major medical 
yroblem is aware of the challenge 
‘herent in such a task. I am in- 

| clined to believe that an entirely new 
; liscase may Offer less difficulty of 
investigative attack than one deeply 
mtrenched in the literature and con- 

fusion of many years of contradictory 
assertions, and I am, consequently, 

leeply impressed by the vitality and 
freshness of approach displayed in this 
monograph. It is an achievement 
which testifies most eloquently to the 
modern medical research. 
The prevention of lead poisoning is 
largely a matter of adequate sanitary 
engineering and medical discipline. 
it rests essentially upon the elimina- 
tion of lead-bearing dusts and fumes, 
iscipline as to cleanliness, and med- 
cal supervision of exposed workers. 
ue ineans for accomplishing these 
ieasures are relatively simple and 
ive at the disposal of manufacturers 
who realize the inescapable fact that 
ead in any form is poisonous and 
‘hat the elimination of this hazard is 
ilways possible provided the cost of 
yrevention can be borne. The ex- 
ese of prevention in some instances 
id obstinacy or ignorance in others 
, however, sueceed in keeping lead 
ominent as an industrial hazard, 


} ; 
rid Tt } 


(1 the wide use of lead and lead 


ower Ol 


+ 


my 


ounds by the publie will continue 
polsoning as a general problem 
‘ecdicine and hygiene. 
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This monograph does not deal with 
the relatively simple factors con- 
cerned in prevention but, from the 
outset, enters the puzzling probleins 
of lead absorption, lead storage, lead 
damage, and lead elimination. Prac- 
tically all of this material has been 
published in a series of isolated papers 
appearing in different journals during 
the last two years. The assemblage 
of these isolated contributions follows 
a natural order. There is, first of 
all, a thorough exposition of the 
new methods for lead detection and 
quantitation in biologic material de- 
vised by Dr. Fairhall. These methods 
endow the whole subject with a degree 
of quantitative security heretofore 
absent. Their presentation is fol- 
lowed by an effort to define the 
physicochemical behavior of lead in 
the animal body. Considerations are 
offered which form a reasonable basis 
for the conception that ingested lead 
is converted after absorption to a 
colloidal phosphate, very stable at 
the normal hydrogen-ion concentra- 
tion of the body, but passing into 
more soluble form if the reaction is 
altered even slightly. The reasons 
why tertiary lead phosphate is depos- 
ited in bone and the sensitiveness of 
the compound to changes in acidity, 
particularly to variations caused by 
such acids as lactic, are then dis- 
cussed, the data presented constitut- 
ing a logical explanation of the facts 
brought out later, namely, the storage 
of lead in bone and the mobilization 
of this lead under the influence of a 
regimen inducing acidosis. 

The routes by which lead com- 





ee | 
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pounds are absorbed are described 
and the reasons for the preeminent 
inhaled lead dusts are 
driven heme. One of the most potent 
reasons for the continuance of lead 
as a serious industrial hazard depends 
on the old idea that if proper atten- 
tion is given to washing and to eating 
adequate protection 
against lead poisoning has been pro- 
vided. The reviewer recollects many 
visits to factories where he has been 
shown model change houses and lunch 
rooms but in which the hours of the 
working day were spent In an atmos- 
phere lead dust. The 
fact that the body has no chance to 
escape from any harm which inhaled 
lead can do must be kept foremost in 
the minds of those concerned with 
lead risks. 

An investigation of the sites of lead 
deposits in the body is preceded by an 
examination for ‘normal’ lead. ‘The 
authors conclude that in the vicinity 
of Boston “foods, public water sup- 
plies which largely run through lead 
pipe, and the usual activities of daily 
life cause no retention of lead in the 
body.’”’ These findings are the result 
of analyses of autopsy material taken 
from persons dying in nearby hospitals. 
It is important to note that where 
lead was found it was possible in all 
save three instances to get a history 
of definite exposure to lead absorption. 
‘The matter is of great importance at 
the present time and may vary in 
different parts of the country. It 
should reecive further examination. 

By means of 


danger of 


arrangements, 


containing 


prin- 
eipally upon cats, together with analy- 


ses of human material 


experiments, 


from cases of 
lead poisoning, it is then shown 1 
there 1s no marked retention of lead 
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except in hard bone, which js eyyo, 
. Ti 
ently unharmed by it. 


a ae In other words, lead js po 
stored at the site of injury. This fact does 
not, however, imply that there is an abseno, 
of chemical affinity between the soft tis. 
sues and lead, but rather that lead eo». 
pounds which are formed by interaction 
vith these tissues are not retained, Thp ( 
lead, therefore, encounters the various tis. 
sues, reacts with them if the proper phys- 
iological conditions exist, causing nore op 
less damage, and is then not retained }y} 
eventually removed and earried on in the 
blood stream. This course of events way 
conceivably be repeated until the Jead 
reaches either some site of excretion or the ' 
skeleton. Under normal conditions. « 

very insoluble lead compound—the tertiary 
phosphate—is formed in the bony tissue. 
Since this salt is retained as a skeletal de- 
posit, the bones gradually remove lead 
from the circulating blood. 
esses of storage and excretion which take 
place during the absorption of lead continue 
after absorption has ceased until practi- 
rally all the lead in the body is held by the 
skeleton. 


The two proe- | 


The medicolegal aspect of these 
findings 1s worthy of note. 


. . « When lead appears exclu- 
sively in the bone it must have been ab- 
sorbed at some previous time, but mere 
storage in the skeleton is no evidence that 
lead was involved as a eause of deat! 
Similarly, if lead is present only in the gus- 
tro-intestinal tract or its | 
may merely have been swallowed and not 
absorbed. On the other hand, the presen’ 
of lead in the urine or in a majority of ¢! 
tissues is a sign of active transportatio! 
of lead by the blood stream. This 1s | 
dence of either recent absorption or mo 
zation of stored lead from the hones. 
either case danger of the exposure of U 
tissues to soluble lead is obvious, and lea 
may then rightfully be considered at les*’ 
a complicating factor in the pathological 
picture. 


contents, 














vhe seetions of the monograph 
iF with lead exeretion are of 
reine importance. It has been 


tN 


«wht out that lead is deposited 
~ hard bone and it is now made clear 
, ot an analogy exists between the 
»etabolism of caletum and _ lead. 
hocaleifying measures increase lead 
syut in the urine and the feces. 
‘rst of all, cats poisoned by lead and 
known to have a heavy deposit of 
load in their bones were starved and 
then given hydrochloric acid. This 
rovimen results in the production of 


{ 


an acidosis, and it 1s known that cal- 


cium exeretion increases under such 
Lead excretion also 
occurs to a marked degree. Since 
ammonium chloride offers an oppor- 
‘unity to give acid without causing 
divestive disturbanees in the degree 
attendant upon use of strong acids, 
this salt finally became the agent of 
choice for such medication. Follow- 
ing careful animal experimentation 
in which it was shown that a low 
calcium diet plus ammonium chloride 

ised lead exeretion and that a high 
calcium diet favored deposition and 
retention of lead in bone, patients 
ith lead poisoning were treated in 
cecordance with these principles in a 
special ward at the Massachusetts 
“eneral Hospital. The reader must 
consult the monograph in order to 
Obtain explieit directions as to diet 
nd medication, 


circumstances, 


‘nder such uniform conditions, the fac- 
u‘iuencing the excretion of lead, when 
‘ion is no longer active, may be 

| with comparative ease. Thus, 
‘y-live satisfactory observations (with 
age duration of more than three 
have been made of the effects of 

‘ous medications which influence the 
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balance of salts, the calcium balance, or 
the acid-base equilibrium; or produce 
catharsis. Each new _ procedure’ was 
started with great caution in order to avoid 
precipitation of any such acute manifesta- 
tion as colic. The influence of (a) magne- 
sium sulphate, (b) potassium iodide, (c) 
potassium chloride, (d) high calcium in- 
take, (e) low ealecium intake, (f) di-ammo- 
nium acid phosphate, (g) phosphoric acid 
with both high and low calcium diet, (h) hy- 
drochlorie acid with high and low calcium 
diet, (¢) ammonium chloride, (j7) sodium 
bicarbonate, and (k) sodium citrate has 
been studied in twenty-seven of our cases— 
for the most part within the last two years. 
Symptoms of intoxication by lead appeared 
rarely during treatment; and at the time of 
discharge from the hospital all the patients 
had improved markedly—they had gained 
weight and were relieved of active symp- 
toms. In three of the many patients treated 
a mild colic developed and in one encephal- 
opathy recurred after adininistration of 
ammonium chloride, but this promptly 
disappeared with the restoration of a 
positive calcium balance. 


The results were as follows: (a) 
Magnesium sulphate catharsis does 
not greatly influence total lead excre- 
tion. It causes improvement in colie 
by relieving constipation and possibly 
by a direct relaxing effect on smooth 
muscle. (b and c) Potassium iodide 
increases lead excretion and even 
makes lead appear in the excreta 
when it has been absent. Potasstum 
chloride has no such effect and iodine 
is thus implicated as the possible 
causative factor. (d and e) High 
‘alclum intake favors lead storage. 
It may be used therapeutically when 
dangerous manifestations of lead 
poisoning are present. ‘Thus one case 
of lead encephalopathy is cited in 
which disappeared 
twenty-four hours on high calcium 
Low calcium diets favor lead 


mania Within 


intake. 
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excretion and are used most effectively 
with ammonium chloride. (f, g, h, 
and 7) Using di-ammonium phosphate 
((NH,).11PO,) in an indirect effort to 
increase phosphorie acid intake, little 
lead excretion could be 
obtained. Phosphoric acid alone was 
effective and was more so when com- 
bined with a low diet. 
Ammonium chloride in daily doses up 
to 12 gm. coupled with a low ealcium 
intake proved the best regimen for 
increasing lead excretion. IHydro- 
chlorie acid is hard to take in sufficient 
quantity to produce the desired effect. 
(j and /:) Sodium bicarbonate caused 
some increase in lead elimination and 
may be used without a special diet. 
Sodium citrate is less effeetive. These 
alkalies influence the mobilization of 
tertiary lead phosphate from bone 
through displacing the body reaction 
toward the alkaline side, the explana- 
tion for this being found in the work 
of Fairhall on the sensitiveness of this 
salt to alterations of reaction in 
either direction. Apparently it is 
better to use ammonium chloride and 
work in the acid direction because of 
the greater ease with which an effective 
bodily change can be produced. 
These facts have many important 
implications. TF irst, all the measures 
for “‘de-leading’ which are described 
require maximal doses of the drug 
used, and patients must be closely 
watched during such’ medication. 
Second, it appears that very prolonged 
treatment will always be necessary to 
“de-lead.”’ Third, it is apparent that 
persons who have lead poisoning 
earry lead with them for long periods 
following their acute experience, one 


increase in 


alelum 


case being cited in which exposure to 
lead in drinking water occurred fifteen 
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years prior to examination (Caso 1 
Table 14). This lead is in bone and 
is freed to the circulation and excreta 
by measures causing calcium mo)})i\;, 
zation. Four cases are mentioned q 
which forced measures to this ej 
produced definite symptoms of lead 


poisoning. 





The implication thus face 
us that persons poisoned by lead and 
perhaps entirely free from symptoms 
for a long period may suddenly show 
lead poisoning if, through acciden 
or disease, acidosis is experienced. 
No cases are given constituting exam- 
ples of such spontaneous appearance oj 
lead poisoning or-lead excretion Jong 
after known exposure to lead. Up- 
doubtedly the literature of the nex 
ten years will bring information upon 
this most important point. 

A useful eritical summary of the 
pathology of lead poisoning occupies 
the next section of the monograph. 
No new points are presented. 

A general examination of the physi- 
ology of lead poisoning considers, 
first of all, the effects on the blood. 
The care and discernment displayed 
in the experiments described in this 
section cannot receive too much 
commendation. Stippling and anemia 
are two of the most pronounced symp- 
toms of lead poisoning. ‘They are 
explained as follows: 

In vitro the exposure to a very 
small amount of lead greatly alters the sur- 


face of the red blood cells and causes the 
to shrink. Their consequent relative ! 
permeability to water renders t! 
capable of swelling as much as normal ¢ lls. 
This enables such cells to display a marke: 
increase in their resistance to different 
osmotic surroundings, evidence for which! 
found in the abnormally small degree ° 
hemolysis in salt solutions of very low con 
centration. This suggests that ‘“‘leadec 
cells should be really stronger and more 


tenes! 
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ieahle than normal cells. But this is not 
,, ease, On the contrary, ‘leaded’ 
ajls are relatively short-lived and hemolyze 
veadil} as the result of slight trauma. 
Experiments with rabbits suffering from 
acute lead poisoning show that these phe- 
nomena also occur in vivo. In addition to 
acing these changes in permeability, lead 
also alters the physical properties of red 
\lood cells so that they lose their normal 
stickiness and are no longer agglutinated by 
cora of the different iso-agglutinating 
croups. All these changes are evidence of 
syrface alterations in the cell. The in- 
‘orior of the cell is not affected, i.e., the 
ohysiological properties of the hemoglobin 
remain normal. The chemical reactions 
which cause the physical changes in the 
cell are precipitation of insoluble lead 
phosphate and formation of acid. These 
cause the ‘‘leaded’’ red blood cell to change 
from an elastie, distensible sae to one which 
is contracted, relatively inelastic, and 
rittle. In such a condition the cell can 
}poorly withstand the trauma involved in 
circulation that this lack of resistance 
probably explains the marked destruction 
of the peripheral blood in lead poisoning. 
Because of the loss of circulating red cells 
in this way, there is a compensatory re- 
generation of erythrocytes. Many of these 
young cells are affected by lead after they 
enter the circulation so that their baso- 
hilie substanee is coagulated or clumped 
together and they give the characteristic 
granular appearance known as stippling. 
‘ro experiments indicate that lead may 
iso have some inhibiting effect on the 
plagocytozing ability of polymorphonu- 
clear leucocytes. 


Ca 


Brief deseriptions of the action of 
ead on the germ cells and a discussion 
vi the reasons why lead compounds 

‘se premature deliveries are now 
viven and are followed by a section 
1 the lead line. The authors believe 
cad is deposited in the gums and 
‘iat if hydrogen sulphide is present 

‘ne mouth lead sulphide forms and 

ine appears. The final paragraph 

ries with it an additional warning 
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as to the care which should be taken 
of the teeth of lead workers. 

The possibility of an interrelation be- 
tween the lead line and caries of the teeth 
is important practically. As early as 1870, 
Lewy found that lead is deposited directly 
in the teeth just as in the other bones, and 
he believed that this might be a direct 
cause of caries. Recently lead has been 
found in teeth as well as in the rest of the 
skeleton, but whether this is a factor in 
the development of caries or the lead line, 
is as yet unknown. The notoriously poor 
teeth of lead workers seem to indicate that 
the deposition of lead in the teeth may be 
important in causing decay. It might be 
thought, however, that caries in the teeth 
of workmen is due to their unhygienic 
habits rather than to the action of lead. 
However, excellent evidence of the probable 
deleterious effect of lead on teeth is seen in 
cats who, under normal conditions, always 
have perfect teeth, but who develop rapid 
and marked caries when exposed to lead. 

I’xaminations of the physiology of 
lead colic indicate that lead acts 
directly on the smooth muscle of the 
intestine, producing increased tone 
and constipation. The pain of colic 
expresses the disturbance which results 
when a wave of constriction reaches an 
amotile hypertonic area, the condition 
being possibly similar to that seen in 
intestinal obstruction. The authors 
point out the fact that their patients 
did not develop severe colic even 
when excreting large amounts of lead 
if constipation was prevented. 

The action of lead on the neuro- 
muscular apparatus has always been 
a subject for disagreement. It has 
been held that the essential primary 
attack of lead is upon muscle, that it 
is upon the nervous system, and that 
it is primarily on the small vessels in 
these structures. As an outgrowth 
of the suggestive work on the action 
of lead on red cells, experiments were 
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performed which showed that isolated 
skeletal muscle immersed in Ringer’s 
solution containing lead displays a 
ereat the diffusion of 
inorganic phosphates from it. These 
observations, which indicate that lead 
may readily alter the chemical rela- 
tionships in muscle, are followed by 
others which show that leaded muscles 
fatigue more readily than their normal 
fellows and that phosphate diffusion is 
extremely rapid in fatigued leaded 
These facets indicate the 
possibility of a direct effect of lead 
on muscle. Ifforts to show that 
reasonable concentrations of lead affect 
the conductivity of nerve were un- 
successful. On the basis of the ex- 
isolated tissues. the 
now carried to intact 
Cats were fatigued by exer- 
cise in a revolving drum, and _ this 
fatigue was made unilateral by attach- 
ing a weight to the right forepaw. 
It soon became apparent that if these 
animals were given lead they were 
most affected in the limb raising the 
weight. In other words, lead attacked 
the site of greatest fatigue. These 
findings are interpreted as follows: 


increase in 


muscles, 


periments on 
attack was 


animals. 


Clinical observation has es- 
tablished the facet that the muscles para- 
lyzed are those which are most used. As 
far as is known, only muscle and not nerve 
becomes fatigued; and experiments in vitro 
have demonstrated that lead does not inter- 
fere with the function of isolated nerve, 
whereas it does affect muscle markedly. 
This change in muscle function is preceded 
by an alteration of the surface permeability, 
and it is therefore very probable that lead 
acts upon muscle just as upon red blood 
cells, by changing the permeability of the 
surface. 

Thus these considerations afford a possi- 
ble explanation of the development of lead 
palsy. 


Lead is transported by the blood as 
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an insoluble phosphate in colloidal sta;,. 
In regions of muscular activity this ;. 
dissolved by the excess lactic acid whic) 
diffuses from fatigued muscle cells anq is 
converted into lead lactate. As the soly}))p 
lactate comes into contact with inorganic 
phosphate at the surface of muscle 
the lead is reprecipitated as insolyh}p 
phosphate—a reaction dependent upon the 
relative concentrations of lactate and phos. 
phate. This work, therefore, suggests th. 
the physiological lesion of lead palsy is jy 
the muscle itself and that those museles 
which are fatigued are most susceptible to 
lead paralysis. Furthermore, it sugvests 
that the susceptibility to lead palsy de- 
pends on the chemical reactions betwee, 
lead and the metabolie products formed 
during muscular activity. 


= at 
Celis. 


It is then pointed out that these 
ideas do not cover all the possibilities, 
Lead palsy is accompanied by lesions 
in the spinal cord and the peripheral 
nerves. Whether such lesions can he 
secondary to a lymphogenous neuro- 
nitis is discussed and the section closes 
with emphasis upon the fact that lead 
may act quite differently upon active 
and inactive tissues and that the 
chemical and physiologic relationships 
between the action of lead and muscle 
work may have prime 
in many clinical and 
problems. 

The diagnosis and treatment 0! 
lead poisoning conclude the strictly 
medical part of the monograph. ‘hie 
conditions set down as permitting & 
positive diagnosis of lead poisoning 
possess a healthy degree of stringency 
too often unobserved by physicians. 
All of us have been confronted by 
instances of indefinite ill health, wher 
there is a history of possible exposure 
to lead, followed by a train of non- 
specific symptoms which, in the 
sence of any other solution or 
problem, are ascribed to lead pols 


slgnincance 


therapeutic 
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| .. The standard suggested by New- The section on treatment is note- 
' ie \MeConnell, Spencer, and Phil- worthy because of utilization of the 
h it ‘1 their book, “Lead Poisoning new information on lead storage and 
. the Pottery Trades,” is held to excretion, the details of which are 


syesent a fair basis for positive already covered in our review. ‘The 
| pee One must, first of all, foundation for the new treatment ‘‘is 
' jotermine that there is an absolutely the fact that the quantity of lead 
e {nite history of exposure to lead. excreted may be varied by distorting 
the history is questionable, absorp- the calcium metabolism, and that a 
» should be proved by analysis of _ positive calcium balance favors storage 


§ vereta, and in doing this it must be — of lead, while a negative balance tends 
0 .ept in mind that lead in urine means’ to increase the rate of excretion. 


aisorption. Fecal lead may represent ‘The association of active symptoms 
snabsorbed lead, but lead in urine has’ with a marked distribution of lead 
revlated in the body. It being’ throughout the body—in other words, 
Jefinitely established that lead has an active lead stream—indicates that 
absorbed, at least two of the when symptoms of lead intoxication 
Jlowing group of symptoms should are evident it is wise to immobilize 
present: lead by impeding its liberation from 

1] . General anpiaranes: the bones. Therefore, until an acute 
\farked pallor and profound anemia, attack has disappeared the diet should 


: B. Digestive system: contain much calcium in the form of 
; Colic. milk and calcium lactate. . . . . 
F ___Obstinate constipation. one quart of milk and 2 grams of 
' C, Muscular system: , 

mM ite ‘alcium lactate [per day] should 
\luscular incoédrdination. ade! 

r ‘Nereus aveten: adequately fulfill the requirements. 
ie Peripheral motor paralysis of cer- Under this treatment alone colic 
oi tain extensor muscles (wrist and panidly subsides, but it is advisable to 


ankle drop) and atrophy of most 


oak ak , give atropine and catharties in addi- 
used set ot muscies. 


e VWessnlas seotens: tion.” ‘‘De-leading”’ may be attempt- 

Blood: Basophilie degeneration ed only when all acute symptoms 

nf | with diminished hemoglobin. have subsided. A diet containing a 
. Special organs and findings: minimal amount of calcium is de- 


Gums: Lead line. 
Stools and urine: Lead. 
\isearriage: Repeated. . ‘ ; 
0 Linheomamels tend: Peattive. A brief chapter on industrial lead 
' very little weight can be poisoning In the United States, con- 
‘. »aced on the mere presence of such com- tributed by Alice Hamilton. rounds 
rsistent Symptoms as constipation, “ ; 


seribed and the details of the medica- 
tion to go with this are given. 


WV coal off the monograph and emphasizes 
. headache, insomnia, etec., unless : : 
r they hawa the fact that lead constitutes a mator 


markedly inereased since expo- 

lead workers arenomore immune industrial and public health hazard in 
n- ‘the other diseases which might also cause this country. Needless to say, this 
L)- “symptoms than are individuals who testimony renders doubly timely the 
not exposed to lead. Therefore the 
inent of distinct toxie symptoms 
posure is necessary for definite 


new light on lead poisoning cor- 


tributed by the monograph.—C cecil 
K. Drinker. 
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INDUSTRIAL POISONS IN THE UNITED 
STATES. By Alice Hamilton, A.M., M.D., 
Assistant Professor of Industrial Medicine, 
Hlarvard Medical School, Boston, Mass.; 
Formerly Special Investigator of Poisonous 
Industries for the U. 8. Bureau of Labor 
Statistics. Cloth. Pp. x, 590 with index. 
New York: The Macmillan Company, 1925. 

This is a very impressive book. 
It gives an excellent picture of in- 
dustrial this country 
and is an indispensable source of 
reference for the industrial physician. 
Those who are familiar with Dr. 
Hamilton’s work can anticipate the 
point of view expressed throughout 
the text. We are given an account 
of the industrial setting of the various 
poisons, their physical 


poisoning in 


and chemical 
characteristics in so far as these have 
physiologic or pathologic importance, 
the pathogenesis and diagnosis of the 
ailments which follow their entrance 
into the body, and a word on pre- 
vention. 

In her preface, Dr. Hamilton em- 
phasizes the difficulty of securing 
extensive medical data 
on industrial disease. She has con- 
sulted all available sourees of infor- 


aecurate or 


mation and points out the necessity 
for doing this. It does not require 
much experience to recognize the 
inevitableness of such generalized in- 
quiry in industrial medical investiga- 
tion, and it is interesting to note the 
degree to which Dr. Hamilton has 
been able to avoid the reportorial 
characteristic so frequent and, as 
I have said, at present so inescapable 


in this branch of inquiry. 

The first third of the book is de- 
voted to lead poisoning, and so the 
oldest of the industrial dangers still 
l‘ollowing the section 
on lead come the regular offenders, 
arsenic and mercury, and with them 


holds its own. 
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the light battalion of Industria} 
hazards, copper, zinc, brass, ap. 
ganese, antimony, and many other: 
But even as we work through these 
older lighter dangers, less familia, 
names, selenium, tellurium, cyanogey 
chloride, and calcium cyanamide. }). 
gin to appear, and as we get on into 
the newer organic chemicals there 
comes a realization of the true nature 
of the problem presented by industria] 
medicine. It is in this field that now 
and definite diseases are being created. 
As one watches the laborious aholi- 
tion of such enemies as typhoid feyey 
and malaria, the gradual conquest oj 
“the thousand natural shocks that 
flesh is heir to,’’ a disquieting vista 
of new diseases swings into view. 
Within seven years the limited experi- 
ence of the reviewer has brought him 
into contact with two entirely un- 
deseribea conditions and one so little 
known as to demand analysis unaided 
by prior descriptions. The physician 
referring to Dr. Hamilton’s 
will become conscious of this new 
battle ground and _ will 
that from being a troublesome maze 
of legal mystification, industrial tox 
cology has propelled itself into the 
position of being the great contrib- 
utor of new diseases, a foeman 
requiring the very best resources 0! 
the modern investigative type 0! 
medical work. It requires a scholarly 
text, well indexed and heavily " ‘ 
erenced, to define industrial med 
cine in this new way. Dr. Hamit 
ton’s book succeeds thoroughly, 2 
on reading it one feels that 1 the 
United States is the most heavily 
industrialized country in the worl’ 
it is at least making an effort to kee! 
pace with the ills so engendered. 
Cecil K. Drinker. 
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